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ing June 30, 1914. 1 have the honor to be r 

Very respectfully* your obedient servant, 

Chains I), Walcott, Secretary * 
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REPORT 


OF TUK 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

CHARLES D. WALCOTT 
ftSJ? res YEAR ENDING TONE M, ifU. 

To the Board of Regents of the Smithsonian Institution: 

Gentlemen : I have the honor to submit herewith it report on the 
operations of the Smithsonian Institution mid its branches during the 
fiscal year ending June 30, 1914, including work placed by Congress 
under the direction of the Board of Regents in the United States 
National Museum, the Bureau of American Ethnology, the Interna¬ 
tional Exchanges, the National Zoological Park, the Ajdjpophyincal 
Observatory, and the United States Bureau of the international 
Catalogue of Scientific Literature, 

The general report reviews the affairs of the Institution proper 
and briefly summarizes the operations of its several branches, while 
the appendices contain detailed reports by the assistant secretary 
and others directly in charge of various activities. The reports on 
operations of the National Museum and the Bureau of American 
Ethnology will also be published ns independent volumes. 

THE SMITHSONIAN INSTITUTION. 
the bstabubhwknt. 

The Smithsonian Institution was created sn establishment by net 
of Congress approved August 10, 1346, Its statutory members are 
the President of the United States, the Vico President, the Chief 
Justice, and the he ails, of the executive departments. 

THE BOARD Of REGENTS. 

The Board of Regents consists of the Vice President and the 
Chief Justice of the United States as ex officio members, three Mem- 
W-rs of the Senate, three Members of the House of Repre-^ntutives, 
and six citizens,«two of whom shall be resident in the city of Wash¬ 
ington. and the other four sluxll bo inhabitants of some State, but no 
two of them of the same State. 

In regard to the personnel of the board, it becomes mv sad duty 
to record the death on December 22, 1913, of Representative Irvin 
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S. Pepper, and of Senator Augustus 0. Bacon, who died February 
14, 1911. Representative Maurice Connolly has l>een appointed to 
succeed Mr. Pep[»r and Senator Henry French Hollis to succeed 
Senator Bacon. "Representative Ernest W. Roberts has been ap¬ 
pointed as successor to Representative John Dobell, whose term of 
office as Member of Congress had expired. 

The roll of Regents at the close of the fiscal year was ns follows: 
Edward D, White, Chief Justice of the United States, Chancellor; 
Thomas R, Marshall, Vice President of the United States; Henry 
Cabot fxxlge, Member of the Senate; Henry French Hollis, Member 
of the Senate: William J, Stone, Member of the Senate: Scott Fer¬ 
ris, Member of the House of Representatives: Maurice Connolly, 
Member of the House of Representatives: Ernest W. Roberts, Meut* 
]*rr of the House of Representatives; Andrew D. White, citizen of 
Xew Fork; Alexander Graham Dell, citizen of Washington, D. C.; 
George Gray, citizen of Delaware; Charles F. Choate. }r., citizen of 
Massachusetts; John B. Henderson, jr., citizen of Washington, D. C.; 
and Charles W. Fairbanks, citizen of Indiana. 

At its meeting on J a n uar y la, 1914, the hoard Riled a vacancy in 
the Executive Committee by the election of Hon. Maurice Connolly. 

The annual meeting of the Board of Regents, adjourned from 
December U, 1913, was held on January 15, 1914, and the proceed¬ 
ings of the meeting have been printed as usual for the use of the 
Regents, while such important matters acted upon as arc of public 
interest are reviewed under appropriate heads in the present report 
of the secretary. The annual financial report of the Executive Com¬ 
mittee has also been issued in the usual form, and a detailed state¬ 
ment of disbursements from Government appropriation* under the 
direction of the Institution for the maintenance of the National 
Museum, the National Zoological Park, and other branches will be 
submitted to Congress by the secretary in the usual manner in com. 
pliancc with the law. 


f i KNKHA t, CON'S 11 1 ENATIONS. 

The ** increase of knowledge* is one of the fundamental objects of 
the .Smithsonian Institution, and one of the first acts of the Board 
of Regents in 1S4T was to formulate a general plan of operations t. 
carry out that purpose. Among the examples of lines of work fo 
which appropriations were to be made from time to time we™ n/ 
following: rt Uie 


(1J System of extended nictecmlatfcal observations for wivlttr pj ln .„ ., 
of American storm* ,lle prebletn 


(2) Explorations in dmcrliitiva natural history, and Kr»l»clcal 
an<l topoxrrtj.hlail surreys, fa wllwrt material for the format!™, 
utfcs of the roitod 
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{«!) JMutkm oi exi^rlmcatnl problem*, such m a new determination of tli^ 
wetgM of thu enrtb, of Ujo velocity of fiectrtdty ftmj «f lights cliaoilcml pit?a]ywi 
of hoIIh nfiil ptftkitH, collection uuil publk-aUcm of articles of science jiccuniiltiEft] 
In Ojc wffkos of tho Government* 

H) InfitlititloD of fttuttHtteil LnquJrfcs with reference to physical* mottil, mill 
political ADtijOTtSL 

{E> HlstorlcnJ ttfsonrehes, aod nccunita Harveys of places celebrated La 
Amerlaui history, 

(fl) Ethnological rasefirclioH. particularly with roforoaw to the different nitres 
of nieu In North America ; also cxplorotlouH jiekJ neenmte survey's of the niuimtfA 
nnd other remains of the finclenE people of our country. 

It bus been the aim of the 1 institution throughout its history to 
accomplish as much us practicable m all the fields of research above 
enumerated. it ml the secretaries of the Smithsonian have in their 
turn uren chosen by the regents with that end in view. The first 
secretary, Professor Henry, was ;i physicist, and researches during 
his administration were largely in the domain of physics. 

The pieseiu United States Weather Bureau is an outgrowth of 
the system of meteorological observations and warnings established 
by the Smithsonian Institution, In 1847 on appropriation was 
made “ for instruments and other expenses connected with meteoro¬ 
logical observations,” The instruments thus secured were dis¬ 
tributed throughout the country, und within two years the volunteer 
observers reporting to the Institution numbered about 400. In iMO 
Henry realized the value of the electric telegraph as “n ready means 
of warning the more northern and southern observers to I jo on the 
watch for the first appearance of an advancing storm,” and there was 
inaugurated a system of daily telegraphic weather reports, a system 
which was continued under the direction of the Institution until the 
Ijoginninp of the Civil War. On a largo map in the Smithsonian 
building the weather over a considerable part of the country, accord¬ 
ing to reports received at 10 o’clock each day, was indicated by 
suitable symbols. 

Under the second secretary. Professor Baird, biological science 
was one of the principal fields of research. It was daring his admin¬ 
istration that there was organized the United States Fish Commis¬ 
sion for the study of the food fisheries of the United States, and 
Prof. Bum] served ns head of that commission until his death. 
The organization Inter bemme the United States Bureau of Fish¬ 
eries of the Department of Commerce. Prof. Bain! took a deep inter¬ 
est in the National Museum, and under his direction there was 
erected a building for the exhibition of the valuable collections ac¬ 
quired from the International Exhibition at Philadelphia in 1876. 

Professor Langley, the third secretary, was both oji astronomer ami 
a physicist. But to his deep devotion to those professions may lie 
added a broad view of the entire field of human knowledge. It was 
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during tho administration of Langley that the Astrophysicsl Observ¬ 
atory was established to carry forward researches begun by him 
many years before. And the National Zoological Park, largely the 
outgrowth of investigations on living animals under the direction 
of Assistant Secretary Goode, was likewise founded during Langley s 
administration* To Langley himself the world owes a debt for his 
discoveries of the principles of aerial navigation and for his demon- 
strut ion to the world on Muy 8, 1898, by the successful flight of an 
experiment Ell machine, that an aeroplane heavier than air could he 
propelled through the air by its own power. 

It would be interesting, were this the proper place, to review some 
of the results of the many important researches and explorations by 
the Institution in the last 80 years. The influence of the Institu¬ 
tion, is world-wide; through its international exchange service alone 
it bus been in correspondence with more than 80,000 individuals and 
learned societies in the United States and practically in every land 
on the globe. During its entire existence there has been an unbroken 
record of friendly intercourse with every agency devoted to the 
encouragement of learning. 

The extent of the activities of the Institution is limited only by 
the amount of the funds available. During recent years its private 
income has Iwen supplemented on several occasions by friends of 
the Institution who have generously provided the means for carry¬ 
ing on certain explorations and lines of research, but opportunities 
for further important work constantly arise which must lie declined 
or temporarily held in abeyance. Some of the projects proposed are 
such as couhl not properly be carried on through Government appro¬ 
priation, but which the Smithsonian Institution could readily 1 under¬ 
take were the means available. 

The Institution was founded by the bequest of James Smithson, 
and from time to lime It has been the recipient of other bequests and 
of gifts of various sums, the largest of which was tlio gift of Mr. 
Thomas G. Hodgkins, establishing the Hodgkins Fund. The Smith¬ 
sonian permanent fund now aggregates a little more than a mill ion 
dollars. A number of bequests, now awaiting settlement, will even¬ 
tually result in considerably increasing the present fund. Among 
these 1 may mention— 

Pitore btqucst, — By Lhe terms of the will of the late George W. 
Poore, of Lowell, Mass., who died December IT, 1910, the Smithso¬ 
nian Institution becomes his residuary legatee. As mentioned in my 
1010 report, thu estate, estimated at about $40,000, is bequeathed 
under the condition that the income of this sum should be added to 
the principal until a total of $250,000 should have lieen reached 
and that then the income only should be used for the purposes for 
which the Institution was created. 
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As a ramiii for making this bequest to the Smithsonian Institu¬ 
tion Mr. Poore in his will says; 

l luabf* tills gift aot ftj mftefr InM-atis* of lot utuount us bucauBf I Iiojk* St wltl 
profu na example tu r other ADicrkuna to follow* by supjxtrUng ami encooragLuff 
m wise and hcneHcent an putitatlock am I beUcre tlio ^tultOBoaiaa limtnitlou 
to be, and yH It Las been neglected and overlnokftl by Aiutrlatu clllwiift 

The affairs of this estate are being adjusted by the executor as 
rapidly as circumstances will permit 

ft&id itgueH .—In 1903 the Institution was informed of a proposed 
boldest to the Institution from Mr, Addison T, Reid, of Brooklyn, 
N. Y.. to found a chair of biology In memory of the testators grand- 
father, Asher Tunis, The bequest was subject to the condition that 
the income was to be paid in three equal shares to certain named 
legatees until their death, when the principal of the estate (then 
estimated at $10,000), with accumillations, was to come to the Insti¬ 
tution. One of the beneficiaries having died, the trust created for 
her benefit, amounting to $4,7(15*91, was received by the Institution 
during the past year and deposited to the credit of the permanent 
fund in the United States Treasury. 

Loeb bequest —By the will of Morris Loeh, of New York City, the 
SmithsonLim Institution is made a residual legatee and is to receive 
a one-tenth share of the estate remaining upon the death of the 
testator’s wife. This legacy is to be used for the furtherance of 
knowledge in the exact sciences. 

Morris I^ocb, chemist, was bom at Cincinnati May “3, 1803, and 
died October 3 t 1912* He graduated from Harvard University in 
1883 with the degree of A. B» and received the degree of Pli. D. from 
the University of Berlin in 1B87 and Sc + D* from Union University 
in 1911, In 1SD1 lie became professor of chemistry at the New York 
Urn versify* He was vice president of the American Chemical So¬ 
ciety, and a member of the German Chemical Society and other sci¬ 
entific bodies, 

Luetf Hunter Baird bequest. —Miss Baird* daughter of the late 
Spencer Fullerton Baird* Secretary of the Institution* died June 19 s 
1913. Besides giving to the National Museum and the Smithsonian 
Institution certain books, manuscripts, and other nrticles t the will 
of Miss Baird prorides that upon the release of any portion of 
the trust estate by the death of the person entitled to the income 
thereof, said trust estate shall be given “to the Smithsonian Institu¬ 
tion in trust as a fund to be known as * the Spencer Fullerton Baird 
fund,’ the interest shall be devoted, under the direction of the 
Smithsonian Institution to the expenses in whole or in part of a 
scientific exploration and biological research or for the purchase of 
sperimens of natural objects or archieologkal specimens.*' 
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ChambtTlnm hrt/uesL —! In 1BHG tliL- Xutiumil Mljsquill received by 
Ittqiwst uf Dr. Ikhu-p Left, u£ Philailrtphk, im tmrivpIeJ collection 
uf fresh-w titer hLiii-eb-: and in 1$94 a eullertion of gems iitul [jmdous 
:-e rHK'-S* tilm made by Dr + Lea, was bsnineiitlml to the Mn^um hy his 
ilnugKter t Frances Ijl'h CimmWliijn, wife nf Itev. l>r. Leiuider T* 
( 'Immbet-l&iti. Mr*L Chamber bin had taken a deep interest in her 
ftk therms collect ions and had added hill ter hilly thereto- Upon her 
death in 1S9I, Dr. Chamlwrlain assumed thy trust and until his 
death in May, 1913, made large additions, particularly to the collec¬ 
tion of gems and precious stones and in consct|iicnce of his gifts 
and collaboration was appointed honorary associate in minciulqgy 
in the Museum* 

In his will, Dr. Chamberluin bequeathed $23*000 to title Smithson¬ 
ian Institution to be known as the h “ Frances Lea Chambfiriiain 
fund,' the income of which shall be used for 41 promoting the in- 
ciYiise and tlit scientific value and usefulness <pf the Isaac leu collec¬ 
tion H'f {reins ami gem material,” and the additional sum of $1(1000 
ns si fund, the income of which shall lw used for promoting the sci¬ 
entific value and usefulness of the Isaac Lea collection of molltisba. 

itjirw/uc beqvctf. — Mr, Joseph White Sprague, of Louisville, Kv., 
died in Italy in JLine, 1900. His will pro, ides that 85 per cent of the 
IoLllI h-i iriiie of the estate is to he distributed amimg certain decisws 
until their death, and then to several of their relatives for 20 years 
after the death of the lost devisee, when the trust expires Lv limita¬ 
tion, and is to be paid to die Smithsonian Institution mid to be known 
as “ The Sprague Fund,” Its purpose is to best promote the fidvance- 
auTit of the physical sciences, and only one-half of each annual 
income is to lie used, the other half to l»e added to the principal of 
the estate. In 1(H) 1, the estate was estimated to l.nj worth $2il)0,0('j() 
Fitzgerald beque*L -^The will of Mr. Riter Fitzgerald, of Phila¬ 
delphia, who died in 1911, makes cortem definite bequests and leaves 
nil the rest, residue und remainder of the estate, to his executed i n 
trust, the net income to he paid quarterly to his niece, and should she 
die without leaving a child or children, the principal of the 
Hi id interest accrued thereon is to bq given " to the United Slates 
National Museum of the Smithsonian Institution. Washington ,D (j n 
This part of the estate is appraised at between $12,000 U nd $lS s O0o 

FINANCES. 

The permanent fund of the Institution and the sources f rom w k! j. 
it was derived are as follows: l)L 1 

I>epu*itf4 in l be Tftntury of thr United sjoUi, 

Ut^Lu^ti uf _________ 

i[4^ldu.'iry Jenfle> of lump* Smith noil 1mT7__ ----- 

Ifcf-inirtLta t.f s.ivln|?) of jnculLM. l&JR . _ 

“ 108 , 020,37 
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lk*iut_ v si of Jurats HnmUton. ]£75_ _ ____. _ $l r <KM) 

Acruuuilutal Lntereni«o Hamilton fund* __ 1, 000 

— _ $2, oo& 00 

Bcqc^l of Slinctu Ilnbel, 1830 _-____._ DQO. in) 

DujioKJtji f rom iiroiwdfl of Mile of bonds* 1SK1_ __ Gl + 500- 00 

fssft of Thomas ti. Hodgkin. 139] _ __ ___ 1*00,000.00 

Puri of ri-ddiuiry If^pRy Of Thomas 1?. Mori vk I a*, lStH_. __ 3,000;iHi 

Deposit from anvlngH of lncutue h tyia - --- _ . - 00 

lii^Eiiicirv legacy of Thomas G. IIu]j,’khi&* 1 tM>7 __ 7, 019, 09 

Itejto&lfc from Kivln/s of Income,. lOlR ____ _ liM. M 

Bitjaerit «f WillJjim Jones Ithees, ISIS ______ 

JM'[H>hit of proceeds from sale of rtn] 1*141 tc igjfc of itokiori sian- 

ton Amr) f v.m _ _ __ 0,002.4* 

Boouest of Aflfllwn T. Relit, _.,___ 4, T05.01 

th?FO«lt of snvLnfis from Lucerne Avery bequest* 1014~_~_« u __ 204.00 


Total of fund d£]ki$lted hi ihe Culled States Thm turry. 900, 00i> r 00 

(mm BEBomiii^. 

Registered jshiJ gufl runlet! bonds of the West Short* ItaLJrondC-o.. 
port of legacy of Tboums G. Hodukins i par value) _ 42, QOCl DO 

Total fffl M i M l fund- ,, . . - . ____ 1 .002* S00, OO 


Willi the aid nf the first installment of $4,795.01 «f a bequest 
from the late Addison T. Reid and n small deposit from savings of 
income from tile Avery bequest, the permanent fund now* for the first 
time, exceeds $1,000^000* 

ThLit part of the fmid deposited in the Treasury of the United 
Stuffs bears interest at 6 per cent per annum, under die provisions 
of the uet organising the Institution and an act of Congress approved 
March 12, 1804. The rate of interest on the West Shore Kail road 
bonds is 4 per cent per eh mu m 

The income of the Institution during the year, n mounting to 
$00,982.34* was derived us follows: Interest tm the permanent foun* 
dittiim, $5Sj9ft4 + 29; contributions from various sources for specific 
purposes, $17,554,20; first installment of a Inquest from the lute 
Addison T, Reid, $4*795.91; and from other miscellaneous sources, 
$0*038*14: all of which was deposited in the Treasury of the United 
States, 

With the balance of $33*ft4L4D on July 1, IfMiJ, the total resources 
for the fiscal year amounted to $124*923.94. The disbursements 
which are given in detail in the annual report of the executive com¬ 
mittee, amounted to $04,063.81, leaving a balance of $30,590.13 on 
deposit June 3U* 1914, in the United States Treasury and in cash. 

The Institution was charged by Congress with the disbursement 
of the following appropriations for the year ending June 30,1914: 

Interim thiaial cxchnuyey_ _ ___ ___ _ _ 332*000 

Anyrlam ____,_ .. . _ 42,000 

Afttroiibyskal Obserratcry _...______ __ 12,000 
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NnHFmui] MufiCUUl : 

Fnmllara anil flitnm__ s _-_____$30,000 

Belling and lighting------------30, 000 

FresenruJoa of cullcctfouii..~. n ---_ 9001,000 

Boob -—----- % OOO 

Yoftn go ----—^-_ __- 500 

IELCILittli i* rupairs.—___„———— -__,-—._ 10, OOO 

Bouk^lacica for Government bureau libra rktt^____._„_ 10,000 

Xlu LuiiuJ Zoological Pmrk-__________ 100,000 

lLftjiiliu5tiui'ttt uf bOtntOtrta^ National Zoological l^trk_i,__107,200 

InterantlPiinl Oklnlu^iiP of $diatUl£ Ulmtnrfc^______ 7 + tHXJ 


Total-—-—-_723.200 

In addition to tbn- above spec ifie amounts to l>c disbursed by the 


Institution, there was included under the general appropriation for 
public printing and binding im nflotnicnt of $76^00 to cover the 
cost of printing and binding the juwiml report end other Govern¬ 
ment publications issued bj Lhe Institution, unti tu be disbursed bv 
the Public Printer* 

REamtW^ and explorations. 

During the past year the Institution lias continued to carrv on 
investigations in various line* throughout the world by means of 
small allotments from its funds. It has also accomplished li great 
deal in tliv way of exploration and research through the generosity 
id friends of the Institution, who have contributed funds for special 
work or provided opportunities for participation in explorations 
which they had undertaken personally or through the aid nf others. 
Each year, however, the Institution is obliged to forego oppor¬ 
tunities for important invest!gallons through lack of sufficient funds. 

I can here only briefly mention some of tlie work in progress 
under the Smithsonian Institution proper during the past Year, while 
accounts of activities connected w ith the Astrophyaieal Oiiservatorv 
the Bureau of American Ethnology, and the United States National 
Museum are given In other parts of this report by those in direct 
charge of those branches of the Institution. 

TIIL LANC1LF.Y AliniPBTN A VSTCAL LJi BOlEATORV* 

By resolution of the Regents cm May 1. 1913, the secretary WJ1S 
authorized to reopen the Smithsonian Institution laboratory for the 
study of aerodynamics and to be known as the Langley Aero 
dynamical Laboratory* The functions of tlie laboratory were de¬ 
fined to be tlie study of the problem^ of ticrodminics, psiiticuhLi lv 
those of atrodynamics, with such research and exj^rimentation ^ 
may be m&smr$ to increase the safety and efTeirtivencsa u f uer pj 
locomotion for the purposes of commerce, national defense and tb 
welfare of mail. 1 " ™® 






















SfflMiMJvnfcin. Hipcutj I & I # -^Sv-EFiilRiqi 'w- frppp^«T. PLATE 1 



LjukulEy fri&N-CAnflVlNd Ar r- ci-pHttSiF *ByiLT 1896-1003) E^juiWLD WJT H FLOATfl, IK FLMHT OVER LAk£ KEUK±< HAHMQNWPOItT, N, Y. p 

JUWE 2 1914. 











$m(IKi4*iin PLATE 2, 



Langley Man-Caar^nq aehuqrom-i 1893-19031 Equipped with Floats in Flight over Like Keuka, H^MMONDapoRT, 

June 2 r 1914* 
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The Regents also authorized the secretary to appoint an advisory 
committee; to add, us means are provided* other laboratories and 
agencies; to group them into a bureau organization; ami to secure 
the cooperation with them of the Government and other agencies. 

In accordance with the above general plan an advisory committee 
was organized at a meeting convened at the Institution on May '23, 
1913* The official status, organization, agencies, resources* and 
facilities of this committee were set forth in a statement in my last 
report. 

The first years work of the laboratory was to arrange a com- 
jj jiehensive program of operations, devise ways and means of carry¬ 
ing on investigations and publishing reports, conduct such active 
experiments as were possible with the means immediately available, 
and to secure and arrange m the library" the l^cst aeronautical 
literature. 

The reports of the committee thus far published have appeared 
as individual papers in the Smithsonian Miscellaneous Collection*. 
The first of these recounts the organization of the advisory commit¬ 
tee and the resources of the Langley laboratory. The first technical 
publication sets forth the results of experiments made at the model 
tank at the Washington Navy Yard. Another report describes the 
organization and equipment of the leading aeronautical laboratories 
of England, France, and Germany. Some of the reports of the 
committee arc as yet confidential or incomplete. The library luis 
been furnished with the chief aeronautic periodicals and the boat 
books tli ns far published. 

'the rehabilitation and successful launching of the Langley aeri> 
plane (called "aerodrome” by Prof* Langley}, constructed over 
a decade ago, was accomplished in May, ID14 The machine was 
shipped from the Langley laboratory to the Curtiss aeroplane fac¬ 
tory In April. It wus reran vassed and provided with hydroaero¬ 
plane floats* and was launched on I*ake Keufcii on Hay l 2S. With 
Mr. Glenn II. Curtis us pilot it ran easily over the water, rose on 
level wing, and flew in steady poise 150 feet. Subsequent short 
flight* were made in order to secure photographs of the craft in the 
air* Then Mr. Curtiss was authorized, iu order to make prolonged 
flights without overtaxing the bearings of the Langley propulsion 
fixtures, to install in its place a standard Curtiss motor and pro- 
pdler, At the dose of the fiscal year the experiments were still 
making satisfactory progress. 

The tests thus far made have shown that the late Secretary Lang¬ 
ley had succeeded in building the first aeroplane capable of sustained 
free flight with a mart- It b hoped that further trials will disclose 
the advantages of the Langley type of machine. It may lie recalled 
that this mail-carrying aeroplane was begun in 1998 fur the War 
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Department, and in the interest of the national defense. It was 
built on the design of the model machine which, on May G, 1S9G, 
first demonstrated to the world that an aeroplane heavier tli;m air 
could U* propelled through the air by its own power. The large 
machine was completed in 1903, but its actual flight was at that time 
hindered by injuries sustained through defects in the launching 
apparatus. 

The numerous and comprehensive aerotechnieni investigations 
{dunned for the Langley laWratory ran lie successfully curried out 
only when increased funds arc available. Properly apupped and 
endowed, the laboratory would serve as a national aeronautical in¬ 
stitute suitable fur conducting the seroU-chnical investigations and 
tests required by the Government and the aeronautical industries of 
this country. 


OTOLOOiUAL encijukations in die CANADIAN bookies. 

In continuation of my previous geological researches in the Cana¬ 
dian Rockies. I revisited during the field reason of 1013 the Robson 
Peak district, in British Columbia and All^rta, and the region about 
Field, British Columbia, At the latter place I met the memk>rs of 
Llit* Itibmnitiomil Geological Congress. 

On this trip Robson Peak was approached from the west side in 
order to study the local geological section, one of the finest in the 
World. From the west foot of Robson Peak, Whitehom Peak rises 
on the north to a height of 7.850 feet above Lake Kinney, and on the 
east the cliffs of Robson rise tier above tier from the surface of the 
lake to the summit of the ]*ak, a vertical distance of [>.800 feet. 

From beneath the base of the mountain at tale Kinney the strata 
cm-vc gently outward, so that upwards of 4,000 feet in thickness of 
bedH that are beneath Robson Peak are exposed in their extension tu 
the west and south. 

{ exceptionally good climatic conditions the season of 1913 
proved unusually favorable for studying Robson Peak. Frenuentlv 
m the early morning the details of the snow slopes and bedded rocks 
on the summit of the peak were beautifully outlined, but toward 
evening the mists, driven in from the warm currents of the Pacific 
300.miles away, shrouded the mountain from view. 



, ,. . , -- —. glacial streams come 

tumbling down the slopes and often disappear beneath the glacier to 
reappear at its foot with the volume of a river. 

At Field, British Columbia, work was continued at the great 
middle Lambrum fossil (juany, where a large collection of specimen 
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was secured* It wets necessary to do much heavy Idlisting to reach 
the finest fossils which occur m the lower layers of rock- 

The collection of 1013 con talus u mmihvr of very Important addi¬ 
tion* to litis ancient fauna ami many fine specimens of series found 
in l!d£* A report on these collections is now in preparation. 

An illustrated account of my previous exploration in the Robson 
JVak 1 1 istrict way published in the Smithson mu Miscellaneous Col- 
lectioits T Vol- fiT ? So. liS t and a paper with panoramic view, entitled 
* u The Monarch of the Canadian Rockies,** appeared in the National 
Geographic Magazine, May, 1913, Three other reports of my studies 
were published in the Smithsonian Miscellaneous Collections, entitled 
"New Lower Cumbrian Snbfauna^ u Dihlor^phidus and other 
genera of the Dikelottphalime,* 1 and "The Cumbrian Faunas of 
Eastern Asia.** A report on At The Cambrian and its Problems in the 
Cord ill era n Region " h now in press in a new volume of the Dana 
commemorative coarse at Yale University* The investigations dis- 
PttSRed in tliis paper w ere continued in a report, " Pre-t'tunhriiin Al- 
gunkian Algal Flm»’ k in the Smithsonian Miscellaneous Collections, 
and preparations were made for further study of the subject in the 
Rocky Mountains of Montana during die field season of 1914 r This 
was successfully curried out with the iictpibition of several tims of 
specimens. 

ueolook: ii i stout or the Appalachian vallet in si a hvlahu. 

Dr. 1L S. Bugler* of the National Museum, spent a month during 
the summer of R+13 in the Appalachian Valley of Maryland and the 
adjoining States, studying the post paleozoic geologic history of the 
legion, as indicated by the present surface features. His studies; 
which were under the joint auspices of the United States National 
Museum and the Maryland Geological Survey, were in Continuation 
of work carried on during the previous summer, when the sedimen¬ 
tary rocks of the region were mapped In detail* 

Since Carboniferous times western Maryland has bean above the 
sea* and its rocks have accordingly ken subjected to a long peri ml 
of aerial erosion. During Jurassic time the area remained stationary 
far so long a period that the surface of the land in the Appalachian 
province was reduced to a rolling plain, luiter uplift raised this 
plain still higher iitxsve sea level, and in Maryland only remnants of 
the old surface are preserved in the Hat sky line of the highest moun¬ 
tains, This undent plain T or Schooley peneplain, as it is termed, is 
w ell preserved on the top of the Blue Ridge* 

A second great period of erosion occurred in early Tertiary times, 
the effects of which were chiefly in the Appalachian Valley prfppor, 
where the erosion is indicated by a pronounced plain at mi elevation 
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of about 750 feet. This plain was formed Only on the softer Paleozoic: 
rocks, and, because of its prominence near Harrisburg, Pa., is known 
os the Harrisburg peneplain. Conococheagne Creek traverses the 
Harrisburg peneplain in Maryland, umi lias dissected it considerably, 
but the even sky line of the ancient plain is still dearly evident, 

Other factors in the geologic history of Maryland arc recorded 
in the well-defined gravel terraces along the major streams of the 
urea and in great n 11 uvial fans of large and small I tow I dors, spiuad- 
ing out at tiie foot of the larger mountains and sometimes reaching a* 
depth of lot) feet, 

PLEISTOCENE CAVE DEPOSIT IN MASVLAND. 

As the results of a further examination of the Pleistocene cuve de¬ 
posit near (.'umber land, Aid,, by Air. <1. W. Gulley, of the National 
Museum, many new forms were added to the collection, and much 
kittcr material obtained of several species represented only by frag¬ 
ments of jaws in the first collection. The series now includes more 
than 300 specimens, representing at least 40 distinct species of uinin- 
ninis, many of which are extinct. Among the better preserved speci¬ 
mens are several nearly complete skulls and lower jaws. The more 
important animals represented are two species of hours, two species 
of a large extinct peccary, a wolverine, a badger, a martin, two porcu¬ 
pines, :i woodchuck, and the American elandlike ant el ope. 

Other species represented by more fragmentary material include 
the mastodon, tapir, horse, and beaver, besides several species of the 
Smaller i ndents, shrews, bats, and others. 

This strange assemblage of fossil remains occurs hopelessly inter- 
minglid and comparatively thickly scattered through a more nr less 
unevenly hardened muss of cave clays and breccias, which completely 
filled “ne or more small chambers of a limestone cave, the material, 
together with tiie liones, evidently having come to their final resting 
place through an ancient opening at the surface a hundred feet nr 
more above their present location. The deposit is exposed at the 
l.nttmn of a deep railroad cut which first brought to light ibis ancient 
li me deposit and incidentally made access to the fossils comparatively 

iMhsy. * 

(FfiOLOQIf.'AI* SHIVEV ur PANAMA. 

A statement was mnUe in my report for last year that an ullot- 
ment had been made from the Institution’s funds toward the cx- 
IJensc-s of an investigation of the geology of Panama. This work is in 
progress under the joint auspices of the Isthmian (’anal Conunis 
sum. the United States Geological Survey, and the Smithsonian 
Institution. The general plan includes a systematic studv of the 
physiography, stratigraphy and structural geology, geologic history 
geologic correlation, mineral resources including coal, oil, u nd other 
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fields), petrography and paleontology of the Canal Zone T and of as 
much of the adjacent areas of the Isthmian region m is feasible. 

Upon the completion of the work the Institution will print a gen¬ 
eral account of the results, and later there will be published a de¬ 
tailed report of the geological data of tlie Isthmus and adjoining 
regions* 

VERTTOf Ft ATE FOSSIL REMAINS IN MONTANA. 

During the summer of 1918 Mr* Charles IV, Gilmore, of the 
National Museum, headed an expedition for the purpose of obtain¬ 
ing u representative collection from northwestern Montana. 

A camp was established on Milk Biver, on the fitacbfcet Indian 
Reservation, and four weeks were spent there in collecting, the work 
being confined entirely to the Upper Cretaceous (Belly Elver beds) 
as exposed in the bad lands for 10 miles along this stream* The oainp 
was then moved some frO miles south on the Two Medicine River, and 
two weeks were spent working in tlie some geological formation. 
Between 500 and 600 separate fossil bones were obtained, many of 
them of large size* The most notable discovery was a new {era- 
topsifin or horned dinosaur, the smallest of its kind known. There 
were portions of five individuals of this animal recovered, represent¬ 
ing nearly all parts of the skeleton, making it possible to mount a 
composite skeleton for exhibition. Although Ceratopsian fossils 
were ffesfc discovered in the Rocky Mountain region in 1855, and por- 
tjrnm of a hundred or more skeletons have been collected, this is the 
first individual to be found having a complete articulated tail and 
hind foot. It thus contributes greatly to our knowledge of the 
skeletal anatomy of this interesting group of extinct reptiles. 

Another find was a partial skeleton of one of the Tracbodont or 
duck-billed dinosaurs recently described from specimens obtained 
in Canada, and its? dbcovery in Montana greatly extends its known 
geographical and geological range. Less perfect skeleton.' of car- 
nlvorauR and armored dinosaurs, turtles, crocodiles, and ganoid 
fishes were also obtained* 

FOSSIL ECmNODtflMd IN 

The special field explorations maintained by Mr. Frank Springer, 
associate in paleontology in the United States National Muslim* 
were continual during the season of 1013 by his private collector, 
Frederick Braun. The purpose of these explorations is to obtain 
additional material for use in Mr. Springer s monographs upon the 
fossil crinoidea, now in course of preparation, hut they also result 
in important accessions of excellent specimens for the completion 
of the exhibition series in the halls of Invertebrate Paleontology in 
the National Museum* 


14 ANNUAL REPORT SMITHSONIAN INSTITUTION, I£*I4. 

The investigations of the past summer wort* confined to tins Kas- 
kaskiu rocks of Monroe and Randolph (.'mmties. III, They were 
systematically earned on in connection with the geological work 
for the State of Illinois, in progress at the same time under the 
direction of Prof. Weller, in order to have the Iwnefit of accurate 
determinations of the horizons from which the collections were 
made, with reference to the several subordinate formations into 
which the Kaskaskia of that region is divided. In this way it was 
hoped to correct some confusion ns to the stratigraphic relation 
of a number of species deserilHid in the geological reports of 
Illinois and Iowa, The operations were successful in this respect, 
and at the same time sin large boxes of fine specimens were obtained. 
Among the specimens there are a number of slabs covered with 
crinoids not hitherto found in that formation in an excellent state 
of preservation, a portion of one slab containing specimens of 
0 different species. 

woiA.recAN fauna of vino in la coast. 

Mr. John B, Henderson, jr., a member of the Hoard of Regents of 
the Institution, and Dr. Bartsch, of the National Museum, visited 
the Atlantic shore of Accamne County. W, which had heretofore 
received litt le attention from collectors. 

The chief objects of this trip were to determine of just what 
elements the mollusc an fauna consisted; to see how many, if nnv, 
species of southern range lapped over from Hatter as, Imd what 
northern species still persisted in this fnunul area. The collectors 
were fortunate in their somewhat haphazard choice of a locality, 
for they encountered at Chin cot vague a greater variety of stations 
than can probably be found at any other point along this section of 
the coast. Here there are interior sounds of very considerable 
extent which are very shallow (4 to 12 feet), more or less thickly 
sown with oyster beds and with patches of eel grass. the bottom 
ranging from hard sand through varying degrees of hard clay 
to soft mud, J 

They found aUo the unusual feature of a Light or protected cove 
formed by the southward drift at the southern end of Assateogue 
Island, protected from heavy wave action by a long, curved sand 
spit. This bight has a soft mud bottom, with V temperature possibly 
* less than that of the open sea. The mud brought up with the 
dredge seemed almost icy to the touch. This condition is probably 
produced by cold springs seeping through the floor of the bight 
Th„ colder water of the bight yielded to their dredge YohU* W 
f'tla, large and hue, and A uruta proximo, whereas just around the 
protective spu of sand, on the ocean side, they found dead Terehras 
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of two species, some young Butifaon pen:era<h and a valve of Cardinm 
rohuAhim—i i somewhat startling association of species. 

Then there was the open sea, which here presumably differs in no 
manner from other open-sea stations along the 200 miles or more of 
this coast The bottom drops oft very gradually to the edge of the 
continental shelf, some 73 or 100 miles out The open-sea stations 
which they occupied were, as might be expected, very poor. The 
smooth, hard sand bottom scented almost barren of life, and the 
softer patches that were explored contained only many dead shells, 
mostly small bivalves. The work in the open sea was scarcely a 
good test, although they made probably 20 hauls, reaching out from 
the shore some 1 or 5 miles, but the chart soundings indicated more 
promising areas of pebbly bottom a few miles beyond w hat they con¬ 
sidered the safety zone for a small motor boat- 

The inner waters of the sound were found to he unexpectedly 
rich in mull use an life, the species, for the most part, not having been 
taken outside or in the bight. 

iixeriiiTiox to dutch fast iuulxeo ani> cash unit:. 

In continuation of the exploration and collection carried on 
through the generosity of Dr. W H L, Abbott* by Mr. IL C. Haven* in 
Dutch East Borneo it may lie said that the work is going forward 
with excellent results; Dr. Abbott is continuing his personal ex¬ 
plorations in Cashmere and has forwarded some valuable specimens 
of mammals, including a queer little silvery gray shrew about 74 
millimeters long, and a magnificent snow leopard, with \U complete 
skeleton. In Haiti*! cm, northwestern Cashmere* Dr. Abbott scored 
about &kins, which have lueen presented to the National Museum* 

After a sojourn in England he expected to return to Cashmere and 
march to La dak. Ho also intended to visit Nubra and go east along 
the frontier to the Dipsaug Phi ins, where he hoped to secure speci¬ 
mens of a certain vole from Kora Korum Pass, as well as the little 
Tibetan fox, known to the Cashmere furriers as the u king fox.* 4 

LIFE ZQKEg IX THE ALPS. 

Aided by a small grunt from the funds of the Institution, Dr. 
Stejneger. head curator of biology in the Nation til Museum* visited 
the eastern Alps toward the close of the Inst fiscal year* to make 
further observations toward a determination of the limits of the 
life zones, which in that part of Europe might correspond to those 
established in North America- That a system of such life zones 
exists in Europe hm long been more or less vaguely stated by authors, 
but although a definite correlation was established by Dr, Stejncger 
and Mr. Miller in 1904* certain points, especially the interrelation of 
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i\u k . zones corresponding to the so-called Canadian and Hudeouwu 
life zones in America* were greatly obflcurod by the long-continued 
interference of nun and animals with nature, such ns the grazing of 
cattle in the high Alps* deforestation, and more recently, artificial 
reforestation- 

It was thought that the eastern Alps might show more primitive 
conditions. Dr. Stejnrgcr visited the mountain region between 
Switzerland and the hrad of the Adriatic. Arrived at the town ot 
Bassana, at the fcwjt of the Venetian Alps, he began to study the life 
zones of the Val Sugana and the plateau of the SeLte Comum from 
that point. This plateau descends abruptly to the Venetian plain 
on the south, while to the east and north it is separated from ihe mass 
uf the eastern Alps by the Val Sugana. or the valley of the River 
Brenta* and on the west by the lower part of the valley of the 
Adige* or Etsch. It is intersected by the boundary line between 
Italy and Austrian Tyrol 

He made a scries of excursions from Bassano, Leviro. and Trento 
as successive headquarters* during which time he completely circled 
the territory, and ciw^sed the plateau once on foot. Be was able 
hi trace the bmmdariaB of the Austral life zones in considerable 
detail, us well as to gather data which connect with the previous 
correlation nf these zones in the western Alps and with the corre¬ 
sponding zones in North America* It was- found that the bottom of 
the entire Val Sugnna t>elougs to the upper Austral zone* Owing 
to ihe rainy and inclement weather the results were less satisfactory 
in die higher regions, though some important data corroborating pre¬ 
vious conclusions were obtained. 

Observations were also made on the Etsch Valley in Tyrol, from 
Trento to Sdilanders* and on its tributary, ibe FAmk, from Bozen 
to its source on the Brenner Pass. 

The elaboration of the detailed observations w ill be incorporated 
with a general report on the biological reconnoissanoc of the western 
Alps. 

BZHEMCKE& I'KOUR HA1WMAN TSUST FUND, 

Dr. G + Hart Merriain continued during the year to carry on cer- 
tain nuturaI history and ethnological investigations provided for by 
a special trust fund established by Mrs. E, H. Harrinnsn for that 
purpose. His principal work during the year was on the big bears 
of America, a group lie has been studying for more than 20 years and 
concerning which he now 1ms a monograph in preparation. In 
furtherance of this study* specimens have been placed at his disposal 
by numerous sportsmen and hunters and by the larger museums of 
the Vnited States and Canada. In the course of his investigations a 
transcontinental line was run across the country to the coast of Cali¬ 
fornia by which the easternmost limits of range were determined for 
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a number nf species of rcuummiK birds* reptiles, find plants. And 
while tnivcrdDf Utnh and Nevada several remote tribes of Indians 
were visited, particularly the Gosinte, from whom u long-needed 
vocabulary wfis obtained. 

A^TIlfiOpOiOCUCAL JtESEAECIi IN llAsTliCM aSLa. 

For the extension of researches in eastern Asia, in continuation of 
anthropological instigations carried on in Siberia and Mongolia 
under the direction of the Institution in 1013, an allotment has been 
luudt- from the Smithsonian fund for wort tin ring the next fiscal 
year and for li limited period thereafter. The plan of operations 
includes a thorough study of the peoples of the eastern const of Asia, 
MimrhurUf Mongolia, Tibet, and Siberia, among whom it is believed 
lies the secret of the origin of the American Indian. Investigations 
thus far made by Dr* HrdMkm in behalf of the Insti tution indicate, be 
says, u that there exist to-day over largo part* of eastern Siberia and 
in Mongolia. Tibet, and other regions in that part of the world 
numerous remains which now form constituent parts of more modern 
tribes or nations, of u more ancient population [related in origin, per- 
Imps, with the latest paleolithic European), which were physically 
identical with, and in all probability gave rise to, the American 
Indian.” 

In a pamphlet m Smithsonian Exploration* in 1013 n number of 
other biological and anthropological investigations arc described- 

RESEARCHER UNDER TUB JIOOOKTNS U NO. 

The Hodgkins fund was established in 1801 by it gift of $200,000 
from Mr, Thomas George Hodgkins, of Setuuket. X. V, By sub¬ 
sequent gifts during his life and through sums received from Mr* 
Hodgkins's estate, of which the Institution was mode the residuary 
legatee, the fund lias increased to about $250,000* It Was stipulated 
by the donor that the income of $1Q0>00O of his gift should be de¬ 
voted to the increase and diffusion of more exact knowledge in regard 
to the nature and properties of atmospheric air in connection with 
the welfare of man. He Indicated his desire that researches be not 
limited to sanitary science* but that Lhe atmosphere be considered in 
its widest relationship to all branches of science* referring to the 
experiments of Franklin in atmospheric electricity and the discovery 
of Paul Bert in regard to the influence of oxygen on the phenomena 
of vitality as germane tn his foundation. To stimulate researches 
iu these directions the Institution offered a prize of SlO^OOO for a 
paper embodying some new and important discovery in regard to 
the nature mid properties of atmospheric air, which was awarded in 
1895 to Lord Rayleigh and Prof. William Ramsay, of London* for 

7Z1-V —ttM 1014-2 
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tlit* discovery «f argon, n now dement in the atmosphere. Another 
prize of .000 for the iiest popular treatise on atmospheric air wns 
a warded to Dr. Henry de Ysrigny, of Paris, from aim mg 229 com¬ 
petitors in the United States, France, Germany, England. Scotland, 
Ireland, Italy, Uustiiii, Austria-11 angary, Norway, Denmark, Fin¬ 
land, Bohemia, Bavaria, Sen ia. Switzerland, Spain, India, Canada, 
Mexico, and Argentina. Numerous investigations on the “ compost - 
tinn of expired air and its effects upon animal life/’ in “ntinosphgric 
aetinoiiu'trv " the **nir of towns,” “ animal resistance to disease,** 
“experiments with ionized air,” “the ratio of specific heats,” and 
kindred topics have lieon carried on with the nid of grants from the 
Hodgkins fund. Researches have likewise Ihhhi aided in connection 
with the temperature, pressure, radiation, tmd other features of the 
atmosphere at very high altitudes, extending during the past year 
to more than 40^000 feet, and many other lines of investigation 
have Ijeen Lurried on, through all of which it is believed that valuable 
knowledge tins been acquired by which the welfare of man 1ms been 
advanced. 

ruder ft grunt from the Hodgkins fund Mr. A. K. Angstrom cur¬ 
ried mi some observations iti California during the past year for the 
purpose of measuring nocturnal radiations atdlfTcrentailitudra rang¬ 
ing from below sen level to the summit of Mount Whitney, 
meters (14,502 feet). Some of the result.- attained by Mr. Angstrom 
and work in connection therewith are discussed by Dr. C. G, Abbot 
in Ids report as director of the Aotrophyoicn! Observatory. 

A grant was nl^i made to Mr. Angstrom to rnnlde him to measure 
the “nocturnal radiation "—-that is, loss of heat to spare daring the 
total eclipse of the sun August 21, 1914. in the north of Sweden. 

In .xmnectkm with the International Congress on Tuberculosis 
held in the Xntionnt Museum in 1908 the Institution offered a Hodg¬ 
kins fund prize of $1,500 for the lust treatise on “ the relation of 
atmospheric air to tubereutoeut** About a hundred papers were 
submitted, mid after an exhaustive examination by the advisory 
committee the award lias now been made and the prize divided 
equally In-twecn Dr. Guy Hinsdale, of Hot Springs, Va„ and Dr. 8. 
Adolphus Knopf, of New York, for their essays on the topic stated 

Dr, Hinsdale’s essay was recently published at the expense of the 
Hodgkins fund, the public demand for the work requiring the print 
iug of a second edition. In discussing the general treatment of the 
disease, the essayist has special reference to the effect of the atmos 
pherir air and the value rtf various riimatre in relation to 
losifl. In conclusion the author says: ,Uwci1 ' 


tVp tn«3l«TP I hilt Cl limit* may |m> iitlltunt ns an adjuvant of 
canyin>r ear Hi* hygienic, dictate treatment 0 f *i| f nrmi nf 
raustif other rllm-jw-ru * * « Ti* Hr* pt»c* mn* be 
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of air, width nw ilwltlj hh ihoralblft huCfcrtnlttKicaSly ami dtonslctlJly pure* 
■ * * Otfcljr id the wn or nt the lilghert elevations do wo ilm! air ruully jiure, 

Imt we cuti stjP|iroxLinnty It by living out of doors. 

* # * Probuhly best comblomkra Is. n low Ininddlty and a naodomtolj 

cjikpI tomrH’fiitLiro; the average kiluTeuloaLs parIonc make* liU beat gains after 
August 1 klirL Id subsequent cuhL dry weather \vhw\ midi condition* pre- 
vnlL * * * 

llio old Idea about equability of tom^ratar^ at lout between tln> tcnipemh 
tiiro of mkldiij 1 sod niTfimpht. is not of gnjtit im[K>rtuoce; nil mottntftton 
•Nation* nhnw great vflriibUotw Jo lid* respect, ftmne variability teml* to 
late the vital jirtJvJtl^ but in wider people nml tbosc who are feebly great 
variability Is n dltttilYillliige. 

As fjir us altitude Is concerned It probably bus uot, par se, assy grout In- 
H nonce- certainly, to my mind, not «m much us we used to think* However, 
alt kudu J* Indden tally associated with mountain life or Life on the plains,, with 
more son, less moisture, ami weltered population, 

* * * Htirwlnil tnburcakuflt Is always favorably influenced by a, seashore 

mdilenre suitably ebemea. ■ * * Constant outdoor life In nil weather works 

miraculous cures after the most formidable operations for bone lubercuhrfla. 
and In many ensH renders them wholly iLuneceaaary in patients whoso physical 
condition on udrolslott was most unpromising. 

SMITHSONIAN TABLE At X A Pitt ZOOLOldl'AL STATION. 

In tha interest of American biologists who may desire to study 
murine life, under exceptionally favorable facilities, the Institution 
hm foe more fclitm 20 years maintained a table at the Naples Zoologh 
cul Sint ion. Investigators are assigned the use of this table for 
stated periods on the recommendation nf an advisory committee ap¬ 
pointed for the purpose. During the past year the table has btwn 
utilized by Mr. Reynold A. Spaeth, □ student of Harvard University, 
who pursued studies in experimental physiology; Dr. T. S, Painter, 
gradnate of Yale University, for work on an experimental eytdogi- 
eal problem: and Prof* Edwin G* Starks* of Stanford Uni verity, 
for an investigation of the bones and muscles of the mandible of 
fishes, 

res&akch mamiUTiosr. 

In February, 1912, the Research Corporation was organised under 
the laws of New York as a means for furthering scientific and tech¬ 
nical research* Its principal object is — 

to acquire Invent! urn. nnd patents and to niukc them more available In tbe arts 
ami Industrie*, while iiKlng ihem as a iwtirce of Income, and, pecund, to apply 
all ftroilbi derived from stidi tine t* tlie advancement of technical ami sdennflr 
InTGfftlgfitton and ox [wrim* station through the agency of the StalLhflcHitao 
Institution and such other scientific amt educational Institutions and societies 
an uuiy bp aeteeted by the directm 

dividends are to bo paid, and the entire net profits a re to be 
devoted to resanrli. The Smithsonian Institution is interested in 
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the management of this corporation through l!*e mem be rehip of tin- 
secretary in its board of directors, which in composed of business 
and professional men, many of whom have tied experience in large 
iiiilu-Ktrial and miiutig enterprises, and it is provided in the mllfbale 
of incorporation thut the Smithsonian Institution may receive funds 
for research and experimentatioin 
The chief assets of the corporation at present arc the Cottrell 
patents relating to the precipitation of dust, smoke, and chemical 
forties by the use of electrical currents. Dr. t\ f.i* Cottrell, the m- 
venter and donor of these patents, has described their operation and 
: id vantages and the progress thus far matte in their installation in 
an article printed in the Smithsonum Report for 19 , 13_ 

A number of other patents in various fields of industry have been 
offered by officers of the Cinvenmient him! scientific institutions, as 
well as by mannfacturing corpora turns holding patents not available 
for their own purposes, and undoubtedly them are many others, 
both in this country and abroad, who will ljc glad to have their in¬ 
ventions utilized for the benefit of scientific research. 


AMEKIr a S SCHOOL OF ARCHEOLOOV IN CHINA. 

In my lust report mention was mack of the proposed establish¬ 
ment of an American school of archeoUngy in (Tina, The objects of 
the school as proposed are: (l) To prosecute arelicobgical research 
:n eastern China: \~ \ to afford opportunity and facilities for in¬ 
vestigation to promising and exceptional students, both foreign and 
native, in Asiatic archeology: and (3) to preserve objects of utheo¬ 
logical and cultural interest in mu^mns in the countries to which 
they pertain in cooperation with existing organizations, such m the 
Socicte dWnktir, etc. 

The management of the affairs of the school is placed in the liancts 
of an executive committee of five, consisting of Dr + Charles IX WaU 
coLt, Secretary of the Smithsonian Institutions Mr. Charles Tlt-nrv 
Butler* reporter of the United States Supreme Court; Prof. F IV 
Shipley, of Sti Louis: Sir, Charles L* Freer, of Detroit; and Mr' 
Eugene Meyer, jr. f of New York. The general committee coudab 
of MS gentlemen especially interested in archeological roseardi‘in 
China, with Dr. Walcott m chairman and .Mr. Butter as secretnr.v 
A preliminary survey in the Chinese Republic for the information 
of the general committee in considering the permanent organization 
of the proposed school has been made, and the committee will I: t - 
be called together for further consultation. 
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Of new publications there was issued by the Smithsonia I ^ftn 

tiern and its branches during the year a total of ft so- ■ T 

U1 printed pages. 
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with Sii4 plates of illu si rations The aggregate distribution was 
902,071 copies of pamphlets and bound volumes* 

Om of the principal functions of ihc Institution, * L the diffusion of 
knowledge/* is accomplished through its publications, which record 
results uf original researches, accounts of explorations, the progress 
achieved in lienee and industry, and general information in nil 
branches of human knowledge believed to lie of value to those inter¬ 
ested in flie promotion of science and in the welfare of man. The 
scries of Contributions to Knowledge*’ in quarto form, and the 
^ Miscellaneous Collections^ in octavo, are printed in limited editions 
at the expense of the Institution and distributed chiefly to certain 
large libraries throughout the world where they are available for pub¬ 
lic reference. The Annual "Report, however, is provided for by con- 
grosaiaual appropjd^tlpm^ and Hie edition is great enough to permit 
its wide distribution. Resides the official report of the Board of 
Regents and the secretary of the general operations of the Inst notion 
during the year, there is included in the Smithsonian Report a gen- 
era! append ix containing SO or more original or selected papers illus¬ 
trating the more remarkable and important developments in scientific 
discovery* 

In nd Jit ion to the three series of works above mentioned pertain* 
ingto the Institution projasrv there are issued under its direction (d) 
the Annual Report, the Proceedings, and the Bulletins of the Na¬ 
tional Museum, including the Contributions from the National Her- 
barium; (1) the Annual Report zuid Bulletins of the Bureau of 
American Ethnology; and (c) the Annuls of the A&trophysical Ob- 
servatory, all of which are public dnettmonte printed through annual 
allotments by act of Congress. 

jSmlthn&ni&ft O&nirlbut§&n$ to Kn&uyfcsdge *—The chief characteris¬ 
tic of memoirs contained in the Contributions to Knowledge is that 
they are discussions of extensive original invesLigations constituting 
important additions to knowledge. Since the establishment of this 
series In IS4-S- there have ten published about 1H0 of these memoirs 
in quailu volumes. The most recent of these* reviewed in my last 
report, was the '“Langley Memoir on Mechanical Flight/* recording 
the experiments of the laic See ret n iy Langley, resulting in Ids sue- 
oes^ful dvi] must ration of the practicability of aerial navigation with 
machine? heavier than the air. 

Smiihjfonion Mitictflu/uom V oflectiotts.- —Thirty-six papers Ln this 
series wen? Issued during the year, forming parts of seven volumes, as 
enumerated in Appendix #+ They included some articles by your 
secretary* describing further results of his stadies uf Cambrian 
fossils, and pa|>ers on the usiml wide range of biological, geolog¬ 
ical and anthropological topics In this series are included. the 
SndUmomaii tables which have iiccomc staudn id works of reference. 
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Its 1S5^ the Institution published the first edit Ion of the Smithsonian 
metedfdojpU tables, which were so widely used by physicists during 
the next 40 years that it wlis decided to publish three seta of tables, 
independent of one another^ but forming ;i homogenous series. Thu 
lirst of the new scries, Smithsonian Metcrnlogical Tahiti was pub¬ 
lished in revised edkiuns were issued in IrtOfi, 180?, and 11*07, 

and another revised edition is now under consideration. The second 
series, Smithson inn (biographical Tables, appeared in 1804, editions 
slightly revised were issued in 1307 and lfHXh and additional copies 
of the Just edition were printed during the past year to meet the 
constant demand ipfe thin work, In there was published Lite 

SndtLisoniun Physical Tables, which have passed through aeverni 
editions, the sixth revised edition being now in press. In this latest 
edition are Incorporated many new tables and the insertion of mvnt 
data in the older tables to don form with the great advances in various 
field* of physical l ienee, A fourth series i* the Smiths.ninn Aluthe- 
itmtieal Tables {Hyperbolic Functions), published in 1P1>U* 
Stwthxonwii R&ptirt .—The distribution of the Annual Report for 
l->L2 was long delayed, nwaiting a supply of the quality of paper 
used in that pub] ieat ion. The volume contains 38 articles of the 
usual diameter in the general appendix. The report for 1013 was in 
ty|H h at the dose of the fiscal year, Tire |K>pularity of this publica¬ 
tion cunt in lies unabated. Lhe entire edition cadi year Ikjcoiiung 
exhausted very warn after its comp let ion* 

Speehfl puhlii t!th*n*—Vijv several years past the Institution has 
issued in printed form the Opinions rendered by the International 
Commission on Zih A ogival NomenclatUn&; During the pn*i Year 
Opinions fiT to (15 were thus piiblteh*cL To aid this work of this 
commission the Institution also provides* for clerical service?* in con¬ 
nection with the office of its sermtaty In tills country. 

Another special publication of die year, printed in :i limited edi¬ 
tion, was a pamphlet giving un account of the exercises in the s. Jtli- 
Botiiati but I ding on May 6, HM3 t on the occasion nf the presen tation 
of die Langley medal to Monsieur Eiffel ami to Mr + Olefin II. Curtiss 
and Lite unveiling of the Langley memorial tablet* 

//nrrijnan Ahwba StriiX -—In I1H0 there was transferred to the 
SmitksouUn Institution by Mrs. Edward 1L Kurrimun the re- 
iiiamJcr of the edition of Volumes 1 to 5 and 8 to 13 of tin- dahonte 
publication on the results of the Hamnum Alaska Expedition nf 
ISWh It may be recalled that this expedition was organized with 
the cooperation of Hie Washington Academy of Sidjenees, but Cffltijreli- 
at the expense of the late Mr. Edward IL Ilnrriimm, of 2f ew York, 
It was participated in by n large party of scientific ffpectnlS^ts on ii 
rteuinsldp Specially chartered fur the purpose. A narrative of d 
trip and observations on the regions visited, together with descri * 
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timis of the natural-history features of Alaska ware prepared by 
specialists of (lie party and published in the series above mentioned. 
Volumes 0 am! 7 mi botany are still in preparation, During the past 
year volume 14 has Iwn issued by the ftmitlismdnu Institution* It 
Is a nuinugi-aph of the shallow-water titnrlislies of the North Pa rifle 
const, from the Arctic Ocean to California* arid is accompanied by 
HO plates of ilhLStmtioiLs. 

Xatian&l Jfmet/ni publication^.- The annual report for 1914 of 
the assistant secretory in charge of the National Museum was pub¬ 
lished during the year* together with 49 papers from the Museum 
Proceedings, and 9 Bulletins, including a number of parts of vol¬ 
umes of Contributions from the National Ilcrbarinm* 

Et kn&f&tjy p w hi inf I ion .*■ — The B u reuu i if A mcr lean Ethnology 
issued during the year a bulletin on Chippewa Music and one on the 
Ethnozoology of the Tew a Indians. There were in press at the close 
of the year three imnmil reports and several bulletins, as noted in 
the second appendix of this report. 

Animphy/fiml Ob&cnuiortj .—Volume 3 of the Annals of the Astro- 
physical Observatory was distributed early in the fiscal year. 

Nepvrf# of hwtorieal aiui potrlotfe societies*— In accordance with 
the national charters of the American Historical Association and 
the National Society of the Daughters of the American Revolution, 
annual reports of those organ i nations were submit Led to flie Insti¬ 
tution amt coimuunkiited to (\jngres*. 

Allot mm/# for printing* — The allotincuts to the Institution and 
its branches, under the head of "Public printing and binding.'* dar¬ 
ing the Ji--al year, aggregating $79*200, were nil utilized* wills the 
exception of small balances on work in progress at the close of the 
year. The allotments for the year ending June -lO^, 1918, are us 
follows: 

For ibe EinUttLBonJnii Institution; For urtndna and htaOIng the ncmiml 
reports of iho Hon nl of Rodents. wUU ^■aeral 4ip|K-ivllce»- fin, 


For ibe annual roportu of the XaiIoioO Miisi'iiiu, with funeral a|qien- 
UEres, jiiiiS fi.hr prLmhk^ IilImIm a an I blank*. Jinil f*.*r Mu.- fitiKetln* and 
FrereedEn^s of Use Xultonal Mii-vum. (be editions of which shall not 
exet*e& 4,0Gtl copies, mill binding* Iti half morocco or uinteritvl nor more 
CKiN^LSivc, scientific booka* uhil ijfltujihlols jnivcitnl to of rterjulTwl 

by lhr National Museum JEbmry— --,--- JVbfHiO 

Ftir i he annual wparlu aud BolkHEnn of I ho Flu mm of Aim-rlcan Elk- 
nolojfy mill for mlflcellnueoca iirEnting mnl Madina fi>r ihr hnrvmi— 21 .noo 
For iiiSsecIlmieoo^ pHnUna anil binding: 

I n Comnt Iona I Exchange*- - -— 5W 

Inlcmallcsnai Cnralouno of Submit I fie literature. 

National Zootc^ml Park, _-- ■-*■ - 2EH> 

Awrmphy^iejil Observatory __ — -- ----- - SOU 

For the ftomiiil peiwt of the American Historical A^^IjiiIqil.— 7, nuu 

Tetal ___. —--.---- T« + L 1 jii 
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t?frniwu^fov wn **u/ jiMiftcflftVii.—The advisory committee 

on printing and publics lion under the Smithsonian Institution Lua 
continued to examine oumuseripLa proposed for publication by the 
brandies of the Institution mid bis considered various questions con¬ 
cerning public printing mid binding Twenty meetings of the com¬ 
mittee were held during the year and 131 manuscript were paWU 
upon- The personnel of the committee during the year was as fol¬ 
lows* Dr. Frederick W* True, Assistant Secretary of the Smith- 
sanian Institution, chairman; Dr. C\ U. Abbot. Director of the 
Asfcmphyaical Observatory; Dr. Frank Baker, Superintendent of the 
National Zoological Park: Mr* A. Howard Clark, editor of the 
Sinithsonian Institution, secretary of the committee; Mr. F_ W + 
Hedge, EthnDlogist-in-rliarge of the Bureau of American Ethnol¬ 
ogy; Dr, George P. Merrill, head curator of geology, United States 
National Museum; and Dr. Leonhard Stejneger, head curator of 
biology, United States National Museum. 

JjhtrihMti&n of puUic&iiom, — 111 accordance with the law enacted 
August 38, 1912, requiring that nil Government publications be 
mailed from the Government Printing Glbee, the Smithsonian lie- 
port and publications of the United States National Museum and 
the Bureau of American Ethnology have since been distributed 

direct from the Government Printing Office, 

LLBttAUY* 

The library of the Smithsonian Institution is its most valuable 
single pni-si^iim, The number of publications of learned societies 
and of periodicals and other works pertaining to pure and applied 
science which hare been brought together by the Institution since 
its organization aggregates more than half a million titles. In 
1800 many of the scientific works in the library were transferred for 
various nd mini strut ive reasons to the Library of Congress, where 
they fonu the Smithsonian deposit, which is constantly bring hi- 
creased by new accessions. The number of additions to the deposit 
during the past year was 32Jftf» pieces, including Sfl.lJ08 periodicals 
S,T6 - p j volumes, 1J*B parts of volumes, 3,T55 pamphlet*. and 848 
charts. 

In the Smithsonian and Museum buildings there are retained uudi 
iKHjks of Llii' Smithwmftn Library ns are needed for reference In 
^cientifie investigations, and there b maintained a reading room 
where the current numbera nf nearly WO foreign and domestic scien¬ 
tific periodicals arc on file for consultation by students in ftentirnl 
and by the stuff -of the Institution and its brunches. 

In the main hall of the Smithsonian building steel stacks are beii 
constructed for the better care and preservation ,>f Die libraries of 
the f’lovcniment bureaus u tiller the Instilminn. 
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Works on nut 11 rut history* the urU and industries, mid either sub¬ 
jects pertaining to the several departments of the National Museum 
am installed in the new and older Museum buddings, This library 
now numbers 43 ? 60P volumes, 73, "til pamphlets ami unbound papers, 
and 124 manuscripts. 

In the uamstunt librarian's review of the year's operations in ap¬ 
pendix 0 of this report details will be found ns to the work of the 
library in its several subdivisions. 

INTERNATI OX A t - CONG ftfcfl H ES. 

The Institution Is frequently invited to send representatives to 
scientific congresses in the United States and abroad, hnt as funds 
are not available for the expanses of delegates, invitations can be 
accepted only in a few instants when collaborators of the Institution 
or memljers of the scientific sitilf are willing to attend at their own 
expense 

Your secretary, as a member of the Twelfth In tern at mi ml Congress 
of Geohigy, would have attended the meeting in Toronto August 7 
to 1 L 1A13, but hi- was unable to make arrangements to leave his 
field work in the Canadian Rockies at that time. He had an oppor¬ 
tunity to address the members of the congress during their visit to 
field, British Columbia, Dr. George I". Merrill, head curator of 
geology in the United States National Museum, however, attended 
tlii^ congims a>? representative of the Smithsonian Institution and the 
Museum- 

Plans had been perfected at the close of the fiscal year for hold¬ 
ing the Nineteenth International Congress of Aineriiantets In Wash¬ 
ington during the month of September, 301 L 

I; Kt) ] ti JE VVA si FI r NttTOX M K MO R t A L 111 I T J U Xf 

In my last report reference was made to the art of Congress 
approved by the President March 4, 1013, authorizing the George 
Washington Memorial Association to erect a memorial budding on 
Armory Square facing the Midi, which extends from the Capitol to 
the Washington Mnnument The control and administration of the 
building! when erected, is in the Eoard of Regents of the Smith¬ 
sonian Institution* Plans for the building were selected In May, 
I0M* from designs submitted by 13 competing architect#, and were 
subsequently approved by the National Commission of Fine Arts. 

The drawings depict a colonial building with pillared front mid 
square ground plan. The main feature is an miditarinm to seat tbOOO 
people, which is arranged in the form of an ellipse, with the stage 
at one end and a deep balcony encircling the whole. 

The work of construction must lie begun before the -1th of March* 
1015. nr the tiiiChoristation by Congress for the u&e id the <s1*ove site 
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win Iflpso- It 1 H further provided that the work «f conatmction can 
nut in* 00111111011 ™] until the mini of $1,000,0**0 hi rinsed by the associa¬ 
tion. ansi although Mrs* Henry F. Dimock, president of the flssoda- 
tion and chairman of the building committee, has secured a part of 
this sum, much still remains to lie raised. 

Tlie cost of the building must be not Jess than 43,000,000, and there 
must bt provided for its maintenance a permanent fund of not less 
than 8500,000. In the preamble of the original hill (S, 5401) passed 
by the Senate April 15, 1912, 44 to provide a site for the erection of 
a building to be known ns the George Washington Memorial Build¬ 
ing, to serve os the gathering place and boadqunrters of patriotic* 
scientific* medical, and cither organizations interested in promoting 
the welfare of the American people,” the purpose of the building is 
dclined as follows; 


Whereas Gcorfce WAftlilagton. on July 0. 1701!. palil, " Ii Ini* Iwen mj uiileiit 
wish In ^ n |rtan dovltwO on a liberal Fc*le which would siirtud nisieiuiUkr 
Ideas thremfih nik pairtH of tbJy HnSim eraltfw," a Mil (t WaaHflgUUiV wLhSi 
ia materially niulltt la Ha> deeeloiuiwmt of lUs beloTiHi cocmiry through the 
promotion of SfHence, literal tms, aiul art* and with the firm emvletliui that 
lh 1ciiewlniae is I he jraroftt has Is of puhjtc happiness" ; ami 

Wbemi-H the chiuigluz? that time has bronchi nnalm ut-iv tsMUoAn 

of aeesmi]aShhUic the resists fleatrctt hy Welsh EiipHm anil now a u*ve**lty nf 
the AiTierlCiio ■ and 

Wberens nt the [Uvffitit time tliere Ip not any mi ha hie Hiillcllnj; In the city of 
iTubtagfrm when? larce eon vein Ions or Se^ which Large public funrllotui can 
th- held, er where ihe permanent Jieadiiimriur-i :md iwnls >jf national urirarkl- 
uiHiUis mu tie iklmliihtH'tvd: ami 

Whereas a hulldhia uhmiUI lie giroy tiled in which there shall be a tn^p autll- 
torliitn, holla nt iJlffvreal sites where all iierm Lulus lo the growth of 

our InlerafU can tract, am! utirli ll* U la deemed may have 

permanent tenhiiinrlent; jam! 

Whermn the Uwrjje Wralilaptuu Ufanurial AKsoelmhoi Is new engaged in ob¬ 
taining funds fnr the erection am! cadawmcnt fif ti luilhllng sEilhilile for the 
piiriM^s above ftittli. to he known n* tin- flenrsn Waahlaj^on Menu if ini 
TtnUtflii?: Therefore * * * 


The law ns passed by Ctnigrea* anti approval by the President 
March 4 t lOKt t wan an follow*; 

/(r tf marlrri ^ thr Smith* trad JJouje r-/ Rafirrnrnintivrx nf Uu- ffftltnt Stair* 
*}f Jkmrrira in C*wyti p* ujMCHitfrd; 


* * * * * * * 

fiapt 10 Thai u tmlldJoff Is hereby authorized lo be fircta! In the TUslrfirt of 
Columbia, m S*e known ns the George WiLAhtarfon Heiimrfrhl BtitkUog. 

The eon [re! and mini I Flint ration uf fcihl building, wlnti erected, ahull |h- In || ]pfc 
&tm fd rtf Solent* nt Ujc SiulEhRonlnn InMltiidOtl. ' 

The Ocarec WcL^du^.m Momor^nl Awwlaftoti la authorJ^l t* pri ^ t 
tmilI.IliiK Ui iwrorUnws with i^ntm t.» U- jtrot'ur.Hl l,y stritrl nit»H.btlon ana to l«. 
(tlppKwed l)> thv CoiuiuiwJoii of Ptou ArM, siM biiMlng tt> he fitBWwf * . 

wttli grunUe. ami t, ™*t not T«™» than tiWWO; n shall have ;i(l 
thut win wit wi !■-*• than »*Hc Uwtwaml twple, him) sn.-h otin r smaller hm. 
ns^ftum rrnMaa. t.ni^ rooms, ami w> forth, ns may he 


iniihttfflim iNpoii. wt+,—s«i*iii/i Plat e 3 



Appaoved Design fqh GecHOE Washington Memorial Buii.dsnq. 
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earrr out tic partuses for which m boUfllOK <« Ami tUt* *Hd Gewaa 

WaAHutoa Memorial AsMxlmbm shall (n addition provide ti pemnnent endow- 
nient fond of not leas than tortUW, to lie admiolmered by the Board of Refi«>t*« 
of Ok* Smith*- »nian itisiimtloii, the Income from which sltull, as far a* tiE-eessary. 
I** us*.-d for the mu into mi lice of the suhl bonding. 

IVrtnljwion l" Krtroreil the George WnaMmtton Memorial Association Co onset 
snlil building in the north end of tin* ma-rvathm fcnowh a? Armory SQoaro; 
lunimhHl L» Sixth unit SOTMlh Stout* west nod B Street north amt B SBrrot 
Bfiutli. The south from ,.f »uld bulMin* Is to he on n line with the south front 
r lbl . ^ xmionnl Momma Building, in the north end of the SmlMiaoidan 
Park and the wild land M hereby *'t apart for that imnuae: Fronted. That 
the actual ivuatruction of atdd building shall not Ik- undertaken until the mat 
of SIuUhiOO sisal I hare twen siihiscrlM wul paid into the treasury of tin* biofi?' 
IVashlnctun Memorial Ablation: And provided further. That the creetlou of 
Ktld Worse Waidiln^tou Memorial Balldluj? la* Ik-suij within a of two 

yviirs fnaii and after the jwa*iee of this net, and this section shall Ik> nail and 
^Old should the George Washington Memorial Association fall to comply with 
U„. provisions thereof, which are conditions prcaslant to tin* autHortHStton 
horaln CTurtetL 

Knld building nmy. unions other iwtroneo, be used for inaugural receptions 
Olid special jitthlh* meetings sntboriMsl hy Conan-fa. 

Congrsss may alter, uniend, mid to. or repeal nay of tli* prevlstous of this 

scttlor-L 

NATIONAL MUSEUM. 


Since the operations of the Museum are reviewed by Assistant 
Secretory Rathbuo in the first «pi*ntlix of this report and are dis- 
cusswl in detail in a separate volume, it seems inmwessfiry for me 
here to do more than to allude to some «f the mow important fea¬ 
tures of the year’s work. The* growth of the Museum during recent 
years has Iwn greater than during any prior period of iu history. 
Confined ns it was for more than 80 years within restricted quarter 
poorly adapted for many classes of ex I ii lots, its growth was greatly 
hindered and its value to the public hampered in many ways. With* 
the completion of the new building, however, there 1ms come an era 
of greater usefulness to the Nation in every direction. The natural 
history collections are now given adequate room in the spacious 
hnlb of the new building* while in the older structure opportunity 
is afforded for the proper display of objects relating to the arts ami 
industries and to American history. Increase iu every division of 
the three principal department* of the Museum— anthropology, biol¬ 
ogy. and geology—is now welcomed both for purposes of exhibition 

and in Uie study series. * * i * o^-or 

Ouring the lost fiscal year there was added a total of 8SL1W 
ulijtM’t*. H.STi* of which pertained to anthropology, 267,8 ltl to zoology, 
44.(176 to botany, 3.04$ to geology and mineralogy, l-WS to pale* 
ontology, 2,031) to textiles and other animal and vegetable products, 
506 to mineral technology, and 207 to the National Gallery of Art 
The relative importune® of many classes of objects thus acquired is 
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referred to in ilie assistant secreUry’s report. Among tte tno& nute- 
worthv accessions in ethnology were more than ft 00 cjbjects from 
Dutch New Guinea, the Moluccas and Ambon of the Ceram groups 
collected and presented by Dr, AV. L* Abbott, who has done so much 
for tile Museum in past years toward Inciting our knowledge of 
tlae zoology and ethnology of the Far East- Among the important 
acquisitions in biology wore some 200,000 insects obtained by ento¬ 
mologists of the Department of Agriculture during economic investi¬ 
gations; u generous donation from Dr. E. A* Meums, consisting of 
jib large private collection of bird skins, eggs, and skeletons, con¬ 
taining many rarities; and over 10,000 specimen^ mainly grasses, 
from the Deportment of Agriculture. Additions in geology and 
mineralogy included a 200-pound specimen of copper from Nevada: 
many specimens of minerals from various sources, including rare and 
excellent examples and some new forms; meteorites: Cambrian fosses; 
and three valuable type collections pertaining to the paleobotany of 
Alaska and other regions Dr. E. O. Ulrich presented about 3,000 
Paleozoic fossils of much value to the Museum, The division of 
textiles has been enriched by many Important accessions and has 
Wn much extended in its scope during the year. 

Ici the division of history there were large additions to memorials 
of eminent Americans and of historic events. An exhibit of period 
costumes installed in one of the history halls has attracted much 
attention. It includes a aeries of costumes worn by wives of many 
of the Presidents of the United Staler, and contains valuable e.\- 
jimples of the styles of dress in America since the colonial period 
and jl variety of articles of domestic and personal use* A unique 
photographic exhibit illustrates the apparatus and results of all 
stage* of that art since the first attempts to obtain pictured through 
* the agency of the sun. 

The collection of fine arts has ten enriched by further gifts from 
Mr. diaries L. Freer, of Detroit His original gift, made in 
contained about 2,300 objects, and has sauce \m+n increased to 4Jot 
mart interesting and valuable examples of oriental and American 
art. The eollectum remains in the possession of the donor during \m 
life. Mr, Freer has provided for the construction of a suitable build¬ 
ing adjacent to the National Museum for the permanent preserva¬ 
tion and display of the collection. Among permanent additions to 
the National Gallery were a number of paintings. The loans ag¬ 
gregated 100 paintings anil 3 pieces of sculpture from various 
soum-s, 

I have elsewhere mentioned the bequest to the Institution by Dr. 
Chamberlain of $35,000, establishing a fund to promote the ummt& 
and scientific value of the Isaac L*a collections of precious btonea 
rind frtoh-water mnsseta in the Museum. 
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In the interest of general education, particularly in natural his¬ 
tory, it baa been tile custom for many years to distribute to schools 
and colleges throughout the country such duplicate mate rial as 
earn I* spared from the Museum collect inns. During the past year 
14,364 specimens were thus distributed, besides several hundred 
pounds of rocks, minerals, and ores. 

The total attendance of visitors to the new or natural history 
building during the year was 267,726 for week days and 61,633 on 
Sundays, while the older building was visited by 146,566 persons. 

The publications of the year numbered 14 volumes and 5S sep¬ 
arate papers. The library has now increased to a total of 48,609 
volumes and 73.705 pamphlets and other unbound papers. 

The auditorium and other available rooms in the new building 
have proved of great convenience for meetings of scientific bodies 
and w ere largely utilized during the year. Accommodations were 
also a (forded for several conventions of agriculturists, accompanied 
by exhibits of wool, fruits, and other products 

BUREAU OF AMERICAN ETTIXOLOfiY. 

The work of the Bureau of American Ethnology during the year 
has brought together much new material relating to the habits and 
customs and the languages of the American Indians. Tin! results 
of the studies of the several inventigators are being published as 
promptly ns practicable. The systematic researches by the eth¬ 
nologists forming the scientific staff of the bureau are described 
in detail in the second appendix of this report, I may mention ns of 
special interest u recannobsaace by Mr. F. IV. Hodge. Ethnologist- 
in-charge, of a group of prehistoric ruins on a mesa in (.’ebollitu 
Valiev, X. Max. These ruins consist of a number of house groups 
forming a compound built on an almost [ in pregnable height, and 
designed for defense; not only the groups but the individual houses 
have the form of forti lien lions, white the vulnerable point of the 
mesa rim is protected by means of a rude breastwork of stones. The, 
outer wall, which protects the whole mesa, is built of exceptionally 
fme nmsonrv, probably the finest work to he found in ancient pueblo 
ruins of the Southwest. The building stones have been dressed to 
shape, matched for size, and their fares finished by pecking, with 
such labor as to confirm the belief dint this ancient rill age wns 
designed for permanent occupancy. Among the special features of 
interest which Mr. Hodge discovered were a burial cist in which 
skeletons, pottery, and the remains of a mat were found; three small 
■■HIT lodges situated in die sides of the cliffs; several ceremonial 
rooms or kivas associated with the mined houses; and the remains 
of the early reservoirs of the inhabitants. 
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A study was made by Dr. Fewkes of prehistoric antiquities in the 
Lesser Antilk^ and material gathered for ;i proposed monograph on 
the aborigines of those islands. Examination was made of many 
village sites, prehistoric mounds* shell heaps, and bowlders lien ring 
incised pictography In a shell heap in Trinidad there was found 
a valuable collection of annual heads made of terra cotta and ^tone 
and other implements illustrating the early culture of the island. As 
a result of his researches thus far. Dr, Fewkes concludes that— , 

lite New WorUt wJwo dJjicoTenHl, lift,! not advnowl la aelocal Sionons Cfh 
vehuauft^al twyiHul (he TLifolScitSi- iipe. wl^mi^ In AhIii. Europe* and Africa a 
tieolUlih 1 wutf huiuj Semen u-u by nue In which metal a laid rctdacnl stenc for 
ImpleuaentM. (a the uLil World tUU palhJiihl-Ntunc Qi**:k wn& girmtiotl by a 
juilcolLUifc atone aee not tep^^'ntcih m far an Is known, la America. The 
vlhniilunr and archeology ef our Lnilljuuj 1 b therefore cuSy a chapter, and Mint 
n brief mu*, uf a i<f a mmh more extended racial evolution, an Uhia* 

tratml In Asia, Europe. and Africa, 

Further study was made by Mr. Mooney of the sacred formulas of 
the Cherokee Indians in North Carolina. Iji ocmncctitm with thin 
work a collection of medicinal piniits was made, including sonic speci¬ 
mens of the native com still cult!ruled a* sacred and found to t>c u 
new ami hitherto mid escribed variety of fipednl food importance 
under cultivation. 

Investigations also progressed among the Fox Indians, the Creeks, 
Osnge, Seneca, and other tri!>es, and in the study of various Indian 
languages mid rorvtimuies much advancement whs made, Toward „ 
work on the Lull its and customs and ceremonies of the Tew a Indians 
of New Mexico there has i>een brought together much interesting 
information. 

Several years ago there was begun a series of handbooks on the 
American Indiana. The first of these was issued in two volumes 
entitled “Handbook of American Indium Xorth of Mexico,*' and 
contains a descriptive litft of the stocks, confederacies, tribes, tribal 
divisions, and settlements north of Mexico, with sketches of their 
history, archeology, manners, arts, customs, and institutions, This 
work proved of so great value to the public that several reprinting^ 
became necewwy, including a special reprint by the Canadian Gov¬ 
ernment. 

The Handbook of American Indian Languages forms the second 
of the series. Part I of this handbook has been published and nor- 
lions of the second part have l>een printed in separate form Tliia 
work discusses the characteristics And classification of the hiiimi n 
of the American Indians and their relation to ethnology. In XurY 
America north of Mexico there arc distinguished 55 linguistic* { 
dies. The first volume of the handbook contains sketches of 11 
her of the languages of the northern portion of the continent*^'T 
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eluding the Athapascan, TIingit, Saida, Chinook, Algonquian, 
Siotmn, and Eskimo. 

The third of the series of handbooks is in prcpuration. This will 
l*o ei Handbook of American Antiquities- Work is also in progress on 
a Handbook of Aboriginal licmnins East of the Mississippi, and it La 
proposed later to put in hand a aeries of handbooks of the Indians 
of the several States. 

Publications issued during the year included a bulletin on Chip¬ 
pewa Music and one on the Ethnozoology of the Tewa Indians; 
those in press at the close of the year were the Twenty-ninth, Thir¬ 
tieth, and Thirty-first Annual Reports, twsictcs four bulletins. There 
was distributed a total of 12,818 volumes or separate papers. The 
library of the bureau now numbers about 20,000 books, 1:5,0(50 
pamphlets, and several thousand unbound periodicals. For ilia 
proper euro of the library, steel Ijookstacks have Iieeu installed in 
the large hall on the first floor of the Smithsonian building. 

INTERNATIONAL EXCHANGES. 

Soon after the organization of the Institution there was created 
what is known as the International Exchange Service for the inter* 
change of publications between tile scientific nml literary societies 
in the United States anil other parts of the world. The mutual ml- 
Vantages of this system to all countries concerned has been reviewed 
from time to time, and I will not attempt to state them again here. 

I hiring the past year there was handled by tliis service a total <if 
3ll.(5fj7 packages weighing 566,035 pounds. The weight of out¬ 
going material was 424.1SI pounds, and of incoming 112,564 pounds 
Fifty-OX sets of official publications of the United States Govem- 
iia nt are sent abroad in exchange with other < i oven intents and form 
about half of the total weight of shipments, although the receipts 
front that source are comparatively small. In Appendix a will ho 
found details of the general operations of this Exchange .Service 
UK hiding a list of foreign bureaus or agencies through which ex¬ 
changes are transmitted. 

NATIONAL ZOOLOGICAL PARK. 

In establishing the National Zoological Park in 1*80, « for the ad¬ 
vancement of science and the instruction and recreation of the peo¬ 
ple,*’ Congress placet] its administration in the Board of Ilcgents of 
ihe Smithsonian Institution, The collection in the park is the out¬ 
growth of a small number of living animals which for several venrs 
hud been assembled in very crowded quarters near the Smithsonian 
building mainly for the purposes of scientifir study. Chiefly 
tin oiigli gifts and exchanges the size of the park collection has grad- 
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ually increased, until it now numbers 340 species of mammals, birds, 
and reptiles represented by 1.302 individual* 

Among the 325 accessions during the year I may mention as of spe¬ 
cial interest a male hippopotamus, ti pair of young Bengal tigers, u 
pair of young lions, a sable antelope, and an American white crane. 
Among some specimens received from the Zoological Garden at Giza. 
Egypt, ivils a pair of young African elephants. Thirty eight in- 
dividual donors contributed birds* reptiles, and other animals. 

Popular interest in the park is shown by the foot that the number 
of visitors during the year was 733,277, or a doily average of 2.000, 
being an increase of 100,000 over the previous yean In the interest 
of education in nature study many schools, classes, etc., visit the park 
accompanied by their teachers; such groups during the year mum 
bered 3 T 17- individuals. 

The improvements iu quarters for the animals and for the comfort 
of visitors are reviewed by the superintendent in Appendix 4, Ten 
breeding pens, in a yard 10 by M feet, were built to provide for the 
breeding and study of mink in cooperation with the Department of 
Agriculture, 

Thl? rough stone or bowlder bridge across Rock Creek, nppropria 
tion for which was made during the previous fiscal year, was opened 
to travel on November 1. 1013.. 

Perhaps the most important feature of the your in connection with 
the Zoological Park was an Appropriation by Congress which became 
available for the purchase of about Id acres to extend the western 
boundary of the park to Connecticut Avenue, between Cathedral 
Avenue and Klinglo Road. Legal proceedings necessary ten (he trans¬ 
fer of this property had not been completed at the dose of the rear. 

A new’ roadway to the park has been made to replace Qnarrv Rond, 
which bud u very steep and dangerous gradient. 

Among the important needs, some of which have Ijeen urged in 
former reports, are (a) n suitable house for the enre and preservation 
of the birds of the collection; (h) an adequate reptile hang®; (Vj A 
pachyderm house; and (d) a hospital and laboratory. Attention is 
called to the statements of the superintendent urging these several 
needs, particularly with regard to the laboratory. 

There is need, too, for extending the scope of classes of animals in 
the park, particularly those of common interest to (lie public* mch i 
the gorilla, orang. and chimpanzee, giraffe. East African buffalo, ami 
mountain goats and sheep. 

ASTROPHYSLCAL OBSERVATORY, 

The work of the Aafrophysical Observmtoiy, described in detail 
in the report of its director, has comprised observations and comnu- 
tations at Washington and in the field relating to the quantity af 
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solnr radiation, its variability from day to day, and tli« effect of the 
atumsplui'ii; water vapur in iilBortiing the radiations til great wave 
length such as one emitted toward space by the earth. Much atten¬ 
tion has been given to the design, construction, and testing of new 
apparatus for these researches, including apparatus for measuring 
the skv radiation, special recording pyrhelioraetcrs to lie attached 
to free balloons for the purpose of measuring solar radiation at great 
altitudes, and a tower telescope at the Mount Wilson Station. 

The principal results "f the year include; A new determination of 
the number of molecules per cubic centimeter of gas, depending on 
measurements nt Mount Wilson of the transparency of the atmos¬ 
phere; successful measurements by balloon pyrhcliometers of tbe 
intensity of solar radiation up to nearly 15,000 feet elevation above 
sea level. The results tend to confirm the adopted value of the solar 
constant of radiation. Most important of all, the investigation by 
the tower telescope at 11 mint Wilson shows that the distribution of 
radiation along the ilia meter of the suns disk varies from day to day 
and from year to year. These variations are closely correlated with 
the Variations of the total amount of the sun’s radiation. Thus the 
work of the year yields an independent proof of the variability of 
tile Min and tends to elucidate its nature. 

INTERNATIONAL CATALOGUE OF SCIENTIFIC 

LITERATURE. 

The United States Bureau of the International Catalogue in ad¬ 
ministered by the Smithsonian Institution through a small annual 
appropriation by Congress, it is one of 33 regional bureaus in 
various countries engaged in the collecting, indexing, and classify- 
i ng of scientific publications of the year, and the classified references 
ure forwarded to the central bureau in London, where they are coi- 
Jated and published in a series of IT animal volumes covering each 
branch of science and aggregating about 8,000 printed pages. These 
volumes are sold at an annual subscription price of $So. chiefly to 
large reference libraries and important scientific institutions,'the 
proceeds covering in part the cost of publication. During the past 
year there was forwarded to London from the United States bureau 
a total of 28,006 reference curds, making a total of 318,036 cards 
prepared in the United States since the system was organi«cd in 
1001 , 

NECROLOGY. 

Augustus Octavius Bacon was bom in Bryan County, Ga., Oc¬ 
tober 20, 1830, and died in Washington City February II, 1011. 
lie became a niomlier of the Board of Regents'in 1005 and for three 

TJ170*—H* mil -£ 
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years hid served on the executive committee. Mr. Bacon wim edu¬ 
cated at the University of Georgia in 1859 and was honored with 
the degree of doctor of laws in 1909. He was for many years en¬ 
gaged m law practice at Macon* Ga + TTe became a United States 
Senator on March 4. 1895, and was thrice reelected, serving on many 
important committers of that body. An a Regent of the Smith¬ 
sonian Institution he took deep interest in the development of plans 
for the advancement of science and the general welfare of mankind, 

Irvin St. Clare Pepper, bom in Davis County, Iowa, June 10, 
1870, became el member of the Board of Regents of the Smttlisonmn 
Institution in December t 1911, and was reappointed December 10, 
1913. He died on December 22, 1913* Mr. Pepper graduated from 
the Southern Iowa Normal School in 1897 and received the degree of 
bachelor of laws from the George Washington University in 1905, 
and in iOOiji entered law practice at Muscatine, Iowa. He was county 
attorney from 1900 to 1910 and member of the Sixty-second and 
Sixty-third Congresses. Resolutions to the memory of Mr. Pepper 
wens adopted by the Regents at the adjourned annual mooting Jan¬ 
uary 15. I'd L 

Frederick William True, bora at Middletown, Conn., July 8, 
1858, died in Washington City June 25. 1914 He was appointed ail 
Assistant Secretary uf the Smithsonian Institution June 1. 1914 his 
special duties Wing in connection with the library and intcrmitional 
exchange. Dr. True had held various positions of trust under the 
Institution since l&SL Hie foil owing tribute to his memory was 
adopted by his associates at a meeting on June 2d, lOHr 

Frederick William True, muster of **clcmre, doctor of law^ Anslutmii Sccro- 
tnr>- of like fliiiltbsonTuti Institution. died ai YVaohltialan, D. Juae 25 1014 
In the ilfty>1jcih year of Mh use. 

Ills assMfclateH la the SOulthfhiiilan irneiUutlon rmil lift several brjiuchesv 
-v misled rtl n ILl'-Hin^ La hlR memory lie the Halted Kill ten NatinmiE Mtl^utu 
an Jane 2^ do here record their profound sorrow In the Iom «f nu honored 
tabular. an executive nllleor of mnrked ability, n bIdcctb frietiih a pttrintta 
cUtaya, a Eitl a modest roam 

firadmitPd from Hie New York University at the airly ace of 20 H | lc . n f OQ[t . e 
riiteml the pcrvlee of ihvt rnlted stale* a* the jvmxtzt member of the gtientlflc 
etprp* hnruplit Lopether by Prof*. Ch Krwn Ooode and Spencer F. Baird dtirE] » 
the fermsiUve stages of ihe National Museum, Through TalthfuL petfortnanee 
r.f duty la pmiiUoim of trim he leaven to hi* associates nn example worthy of 
i ttmlaUon. nod itinmeh htn iiftnsttjmltiir mvul uprtrfu ltenmnnUty n chulHhJi 
memory. 

Respectfully submitted* 


Cha« !iEs D. Wiutnr, Secretary. 


ArpEXDix 1. 

TiEPOftT OX THE EXITED STATES XATIOXAL MUSEUM. 

Sib: I have the honor to submit the following report on the opera¬ 
tions of the United States National Museum for the fiscal year 
ending June 30, 1914r 

INTRODUCTORY 

The last, report contains n brief review of the hi hits in the new 
building, which mainly relate tn zoology, geology, nntl anthropology, 
though also including the paintings of the National Gallery of Art 
:ind certain special and temporary lost fill tit ions. The natural history 
collections, while presenting a generally finished appearance, are, 
however, as there explained, still incomplete and to ;l Urge extent 
provisional in iheir arrangement- Considerable progress toward 
their improvement was made during last year, and this work will Ijc 
continued as rapidly as possible until, to the extant of the material 
available, some degree of perfection has been reached, but the jjur- 
P 03 ^ die Museum would he poorly served if more or leas, and 
even radical, changes were not made from time to time in those parts 
of the collections which belong especially to the public. 

Because of extensive interior alterations going on in the Smith¬ 
sonian building, it was necessary temporarily to withdraw the 
graphic arts collection from display, last upon the completion of 
tins work the surroundings for this important division will be greatly 
improved. In the older Museum building, moreover, there was much 
activity in connection with the exhibits, though not as much was 
accomplished as was desirable or would have been possible with a 
slightly increased appropriation. This building has Ikjcu entirely 
given over to the arts and industries and American history. Square 
in shape, its exhibition space, amounting to about 100,000 square 
feet, is divided into four naves or halls, radiating from a central 
pavilion, the naves in turn being connected by ranges, eight in num¬ 
ber, which follow the outer walls of the building and inclose four 
square covered courts. Although consisting of only u single story, 
except in the towers and pavilions, which are used for offices, most 
of the hulls are supplemented by galleries. The building faces north, 
nntl its different subdivisions are designated by their position with 

& 
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reference to the rotunda. in planning fur the distribution of the 
collection* it has not been .found possible to provide for all of the 
subjects which should be comprehended, mud the fact that a few of 
the balls arc still unarranged is due in part to the insufficient force 
and in part to the length of time required for the prep a rati on of 
many of the exhibits. A brief summary of tlie conditions at the 
dose of the year may, however, lx i of some interest. 

The division of history, formerly limited to the north bail, has 
been extended into the west north range and the north west range, 
and also occupies the floor space in the northwest court. The hall 
and connecting range contain the general collection of history, con¬ 
sisting chiefly of memorials. The collection of musical instruments 
previously tilling the large wall cases along the sides of this hall, 
though not belonging to this division, have been removed to n corre¬ 
sponding position in the northwest court, leaving these cases to Ijc 
used for historical furniture, of which the Museum has luauy im¬ 
portant pieces. In one of them, however, “ The Star-Spangled [tan¬ 
ner" still remains, pending arrangements fur a better installation. 
In the north west range has been placed the period costume collec¬ 
tion. which was first opened to the public in February last. This 
noteworthy feature, which centers upon u series of White House 
costumes draped on manibins, contains many and valuable examples 
of the styles uf dress in America from the colonial period to the 
present time, besides a great variety of articles of domestic and 
personal Use. In the adjoining or northwest court tire tile coins and 
medals and the postage stamps, also an installation of last vear. 
The former arc shown in table cases, but the stamps required a 
special arrangement which lias been carried out in [| l( . f linn rj f ^ lvo 
long upright cases, fitted with framed sliding screens to which the 
stamps are attached. The gallery of this court is devoted to the 
unique photographic exhibit, illustrating by apparatus ami results 
all of the stages in the progress of this art from the first attempts 
at obtaining pictures through the agency of the sun. The opening 
of this display was likewise a feature of the year. 

On the left-hand side of the building on entering is the art textile 
collection in the east north range, followed by the boat hall, or north 
east range, in both of which but few changes were made. The divi- 
nion of mcdianical technology, to which the exhibit of Ismts belong 
also occupies the east hall, the northeast court, and nlmut one-half 
of the south east range. The court is mainly given over to siti ]| 
arms, both military and other, of which the collection is the J.,-, 
and moat varied in this country, Tim remaining space is usecMoi 
u considerable variety of subjects, such as land and air transnorta 
tion, electricity Ut its several applications, measures of 't 

tunc, ami many miscellaneous devjcea and inventions, which are well 
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(lispliiye<] and Libeled and to which numerous additions have re¬ 
cently boon made. In the gallery of the court arc the collections of 
ceramics, glassware. bronzes. etc., and in the north gallery of the 
hull is the exhibit of the division of medicine. 

The southern part of the building I ms been allotted to two divi¬ 
sions, which, organized some 80 years ago hut soon discontinued on 
account of lack of space, have recently been reestablished on a 
broader basis and have already attained considerable prominence. 
One of these is the division of textiles, including elso such animal 
and vegetable products as do not specifically belong elsewhere. To 
this division have been assigned the south I mil, the east south range, 
and the southeast court, together with a considerable nmount of 
gallery space. While modi of the original collection, when removed 
from storage, was found to be still serviceable, the greater part of 
the textile display, which is exceedingly rich atid varied in Its repre¬ 
sentation of this industry in the United States, is the accumulation of 
only two years. There is also a fair illustration of the work dune 
in the Philippines and some examples from Porto Rico. The exhi¬ 
bition of animal and vegetable products is much less advanced, and 
there is still to Ik? taken up the subjects (if commercial winds slid 
of foods. 

The division of mechanical technology has lieon assigned the west 
hall, the southwest and west south ranges, and the southwest court, 
the occupation of all of which has been planned, in part definitely, 
in part provisionally. The objects of tills division arc to illustrate 
the processes involved in extracting minerals from the earth, and in 
the utilization of the products so obtained, with the intention of 
covering all the important minerals, both metallic and non metallic. 
Progress with this exhibition will lw slow, Imcnuse of the time re¬ 
quired to build models, in which the mining and manufacturing 
interests are giving hearty and generous support, even to the extent 
of furnishing expensive reproductions of their works and operations. 
The first of the exhibits, opened to the public last year, relate mainly 
to the subject of coal, and include several excellent models, the largest 
of which, representing a bituminous colliery, occupies fully half the 
flijor space of the southwest court. A nil ml ter of other models and 
exhibits were also completed and installed, and additional ones were 
in course of construction. 

COLMSCTIONa 

The additions to the collections aggregated approximately 337,705 
specimens, apportioned among the several brandies of the" Museum 
as follows, mumdy: Anthropology. 14,870; zoology, 257,81G, of which 
over 21-1,000 were insects; botany, 44,075; geology and mineralogy, 
8,G4>j; paleontology, 13,015; textiles and other iiuiiiiat mid vegetable 
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products. 'J.lfuO: mineral technology. 505: ant] the National Gallery 
of Art. 207. There were also received as Ion us objects, mainly 

for the exhibition series in ethnology, archeology, history, and the 
Gallery’ of Art. 

The most noteworthy accessions in ethnology consisted of over ilOO 
objects from northern Dutch New Guinea, the Moluccas and Ambon 
of the Ceram group, collected and presented by Dr. W. I,. Abbott: sc 
especially important lot of material obtained at St. Lawrence Island, 
Alaska, by’ Dr. It i ley D. Monn 1 . of the Museum staff: and a series of 
Simian ethnologies of particular value, as the locality and tribal 
origin uf the specimens are properly recorded. The principal addi¬ 
tions iu American archeology comprised material from old Indian 
nuup sites and caves in Patagonia and from Guatemala, the results 
of explorations by Air. Chester 1\. Washburne iti the former region, 
and by Air. Noil M. Judd in the latter: an interesting series of stone 
implements from Jackson, County, Mo„ presented by Mr. J, G. 
Bmrckloin; and u large number of exception ally fine specimens of 
the samo character from Mmeonri and Illinois, purchased from Mr 
It. L Btmhnell, jr. The collection of Old World archeology 
enriched by a drawing in color of an undent mosaic map of Pales 
tine and adjacent regions, the gift of Mr. S. W. Woodward; nn im 
portent contribution from the Egypt Exploration Fund through Mr. 
Woodward: a large number of ancient coins anil other objects from 
the Near East, lent by Airs. John Paul Tyler: and so vend series of 
prehistoric material from Europe. The more notable accessions in 
physical anthropology consisted of human crania «nd skeletons, 
mainly .,f the Eskimo and Aleuts, the Buriats of central Siberia the 
Mongolians, the natives of Milnik, Bohemia. the Patagonians, and 
. early man in Europe. The division of mechanical technology" rc- 
“ived a circular sundial adapted to the latitude of Pekin- and 
inscribed io Chinese characters from Mr, Claude L. Woolley * u set 
of undent German coin scales made by Johann Daniel Ellinghnns in 
Kndevormwaldu, Germany; important additions to the serte? of fir* 
arms and many other objects. There were a number of interesting 
contributions tn pottery und bronze, and also several desirable .dfte 
to the collections of graphic arts and musical instruments 

The division of history was the recipient of many accessions *>m& 
of which were of much value, ami an exceptionally large percent,™, 
were peimnmnt aieoiikitiona* There , 7i_ 



REPORT OF THE SECRETARY, 


m 


as well iid for their workmanship, soim baring Ix^n owned by persons 
of high distinction. The collection of postage stamps, postal cards, 
and stamped envelopes ivns increased to the extent of about ft,000 
examples, and many additions were made to the aeries of coins and 
medals and of portrait photographs* So many contributions were 
received for the period costume collection as to permit of the instid- 
lation and opening of the ball allotted to this subject* 

Especially notable among the acquisitions in biology were some 
££00*000 insects obtained by entomologists of the Department of Agri- 
culture during economic investigations in Texas and neighboring 
States. Mr. IL C. Raven, whose work has continued to be maintained 
by Dr* 1\ . L, Abbott, r^eut over 1,500 ummnuiLs and birds from eastern 
Borneo, including numerous rare and probably some new form&* De- 
s:des extensive col lections of fishes and marine invertebrates, the 
Bureau of I a ishcries transferred a ]urge number of reptiles and butfu- 
chiiMi.s fr om various purls nf North America, and the first series, with 
the types, ni the ma mnift hs obtained in Louver California during the 
cruise of the steamer Ally(i£r&$t in 1 PI 1. The Biological Survey, in 
addition tu its regular deposits of North American mammals and 
l>ird< ( turned over to the Museum many mammals: from Patagonia 
and reptile and batracbbns from Pananiu, and Prof, A. M. Reese 
contributed a large quantity of specimens of several groups collected 
by him at the Philippine Islands Additional mammals were re¬ 
ceived from Chinn, Africa, the island of Sardinia, etc-, and reptiles 
and bfltraohinns from CaUfomia, Mississippi, Alabama, and other 
southern Stated A generous donation from Dr. E, A* Mearus, United 
States Army, retired, consisted of his large private collection of bird 
skills, eggs, and Nektons, containing many rarities* Other sources 
of fishes than those above referred to were Japan, Fanning Island, 
tlu> Philippines, Panama, and * alifomia; and of insects, the Bahama 
Islands. Florida, the southwestern and western States, and Alaska, 
besides which important aeries in several groups of insects of eco¬ 
nomic importance were among the contributions. The division of 
moflusks received as gifts the important collection of the late Prof* 
l’. W , Bryant, of Lakeside, CaL \ about 2|000 specimens obtained bv 
Mr. John B. Henderson, ji\, during a dredging expedition to the vi¬ 
cinity of Chincoteague* Vm, and many other valuable donations* The 
marine invertebrates from the Bureau of Fisheries consisted chiefly 
nf material in several groups which had been the subject of study 
and report. About 100 species of rotifers, mounted on slides* were 
presented by Mr* Il + If* Marring, and numerous more or less impor- 
tjijvt collections were received from various sources. The additions to 
the herbarium comprised over 10*000 specimens* mainly of grasps, 
from the Department of Agriculture, resulting from recent field 
workj about West Indian and African plants from the New 
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York Botanical Garden; nearly 1,600 Chinese plants from the collec¬ 
tion of Mr- E. H. Wilson; utimit 10,000 specimens of cryptogam8 
collected by the late John B. Heiberg-and presented by Mrs. Heiberg; 
olid important contributions from Venezuela. Guam, the Philippines, 
and the southern and south western States. 

Among the additions in geology and mineralogy were an impor¬ 
tant series of rocks and ores from the Sudbury nickel region mol the 
Cobalt mining district of Canada; a suite of recently described min¬ 
erals from Peru: a SOCLpound specimen of copper from Nevada: an 
unusual deposit of carnotite in a fossil tree trunk; n large piece of 
•jiiarta vein, containing an abundant development of blade-like crys¬ 
tals of tungsten ore: and many specimens of mim<rals from various 
sources, including rare and excellent examples and some new forms. 
The collections of meteorites and building stones received mnnv 
desirable additions, and the Geologiral Survey deposited a number 
of series of rocks, of petrological value, from different parts of this 
country and from Hawaii. The accessions in invertebrate paleon¬ 
tology included about 150 types of Cambrian fossils collected imd 
described by Secretary Walcott; some 5,000 specimens from the 
Middle Cambrian of British Columbia, also collected by him; and 
slHSit 150 type specimens of Bryuzoa and Gstmcoda, representing 
work of the curator of the division on the Silurian collections from 
the island of Anticosti, preserved at Yale University, The Geolog¬ 
ical Survey transferred several collections, some of "which had been 
described; Dr. E. O. TTIrieh presented about 3,000 Paleozoic fossih 
of much value to the Museum: and an important series of Tertiary 
mnlhisks and Ordovician grapiolitcs was received in exchange from 
Australia. The most important acquisitions is vertebratc paleon¬ 
tology consisted of o large collection made by Mr, Charles W. Gil* 
more in the Blnckfeet Indian lEeservution; of the results of further 
oxplorations by Mr. James W, Gulley in the Pleistocene cave deposits 
near Cumberland, Md.; and of cetacean remains collected in tins 
Mhx enc bed* near Chesapeake Beach, Md-, by Mr. William Palmed 
and Mr. Norman H* Boss. The section of paleolwtnny was entichetl 
hy three valuable type collections from the Geological Survey ten 
renting the Jurassic fonmition nt Cape Lisburne, Alaska- the 
Tuscaloosa formation of Alabama; and the Cretaceous nt wl t7* l 
in South Carolina and Georgia. ll! Y 

The number and value of the accessions in the division of text l 
were greatly increased over those of the previous year due to */* 
appreciation shown by the producers in the important wort- .*i - 7 
the Museum 1ms undertaken. Only a brief summary can f,e« £ 
given of the many contributions which were almost 7i.,.n . . 

form of gifts. To the cotton collection were added f / m * le 
dress goods and shirtings, comprising pleasing and artist 
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tiona of plain, ratine, and mcreeriaed cotton Yarns, with spun silk 
and viscose silk in plain and fancy weaves; plain, piece-dyed and 
yarn-dyed dress goods of till cotton and cotton and artificial silk; 
cotton fabrics (luished to imitate those of silk and of wool and fancy 
printed cotton velvets ia gold and silver effects for millinery pur¬ 
poses, The collection of wool and woolen products was enriched l>y 
a largo assortment of new five res of the best American and foreign 
wools, all carefully graded and labeled to show the value in the 
grease and when scoured; specimens marking the steps in the manu¬ 
facture of both woolen and worsted goods, and many pieces of fin* 
jdied fabrics of both classes. The already extensive silk collection 
was enlarged bv the addition of u commercial package of skeins of 
tho finest Japanese raw silk, many yards of printed broad silks rep¬ 
resenting the latest seasonable designs, brocaded novelty silks for 
dress trimmings, and samples of ties, scarfs, veilings, and ribbons of 
ail kinds. Another important acquisition was the oldest model of 
the 0 mi* silk reel, now in universal use for winding silk into stand¬ 
ard iited crossed skeins. The manufacture of fur felt hats from the 
finest grades of licaver, nutria, hare, und coney furs was illustrated 
by a comprehensive collection showing each step in the process from 
the fur pelt to the finished hat, and including the leather and silk 
trimmings for the principal types of hats. The development of an 
artist s plan for the decoration of a fabric by weaving or printing 
was represented by a series of preliminary sketches, weaver's drafts, 
and engraved plntos for use on the pantograph machine, all bearing 
on the technology of design, 

In the division of mineral technology, including a few of the 
exhibits presented at the St. Louis exposition of 1804, which had 
not previously been unpacked and recorded, Lhe principal accessions 
of the your were as follows: A very full illustration of the processes 
of glass making; a complete working model of a hitonanotis colliery 
at Fairmont, W. Va,, corering a space of 30 by 40 feet; a reproduc¬ 
tion of a bituminous mine at Wilkiek, Pa,, 8 by 12 feet square. which 
excellently supplements the former; a relief pane! illustrating proc¬ 
esses involved in the manufacture of illuminating gas, tar, ammonia, 
anil other coal products in what is known as the Itv-products coke 
industry; a number of photographic enlargements depicting typical] 
underground operations incidental to coal mining; a series of native 
gypsum and gypsum products; and a collection illustrating crude 
micu and its industrial products. 

NATIONAL GALLERY OF ART. 

The most important acquisition consisted of the formal transfer to 
the InstiUlinn, by Mr. Charles L. Freer, of Detroit, Mich., of 1b? ob¬ 
jects as aWiticiflBto his munificent gift to the Nation, comprising the 
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intLimtil which k had assembled since the last j*t&ciam transfer in 
November, 1012, This roltedtion* as will be mailed, relates who)!; 
tn American and oriental art, nnd Is to remain in the possession of 
the donor during his life. The original gift, made in 1906 s con¬ 
tained approximately 3.836 objects, but through subsequent contri¬ 
butions this number has been increased to 4,701, of which E83 are 
examples of American art and 3,718 are examples of oriental ait. 
These mav bo summarised as follows: 

V 

In the American section Janies McNeill Whistler is represented by 
62 oil pniutirfc-r^, 44 water colors 32 pa*fols t and 71)8 drawings etch¬ 
ings, litJiygraphs, etc.. Wales 1 album of sketches, ftfl original copper 
plates, enid the entire decoration of ttic famous Peacock Room, The 
remainder of this section Is composed of 75 oil paintings, 6 water 
colors, 25 pastels, and l silver point, illustrating the work of 0 other 
American pointers, namely, Thomas W timer Dewing, Chiltte Massam, 
Winslow Homer, J. (lari Mricher^ John Singer Sargent, Joseph 
Llndcm Smith, Abbott Handerson Thayer, Dwight WillijUn Tryon, 
and John Henry Twscbtman. The oriental paintings comprise 826 
screens* panels, kakemono, and mu kimono from Japan and China: 
32 iillmms of paintings and sketches from Lbe same countries; and 13 
paintings from Tibet. Of oriental pottery there are 1,065 pieces 
mainly from Japan, China. Corea, central and western A rim and 
Egypt; of bronzes, 236 pieces, of which over 200 came from China: 
nf stone objects, including sculptures, pieces, mainly Chinese; of 
wood carvings, 17 pieces; and of lacquered objects, 81 piocm The 
collection also contains over 600 pieces of ancient Egyptian glass in 
the form of t kittled, vases* and various other shapes, besides h large 
number of miscellaneous objects from both the Car and Near East. 

Other permanent additions to the finitely consisted of 3 paint¬ 
ings by M m Clara Taggart MacChesitej, Guy C. Wiggins, and Addi¬ 
son T. Millar, respectively, contributed by Air* William T t Evans of 
NVw York; n painting by Du Unis Fend on Hasbrouek, presented by 
Air. Frederic Fairchild Sherman in memory of his wife; and 4 
paintings by Walter Shirk-w and u portrait sketch of him by Frank 
Davi-utk-k. received ns a gift from Airs. Shirlaw. 

The Inane to the Gallery aggregated 109 paintings and 3 pieces of 
sculpture from 12 i^oora^ Eighty-one of the paintings were j^- 
reived for 2 special exhibitions, the fiiiflt comprising 2a portraits in 
nil from the National Association nf Portrait Painters* the other 
consisting uf 56 marine paintings by Mr, William F. Hakal] u f 
Boston. 

Mf&CKLUlNEOTTS. 

It is gratifying to announce a bequest by the late Rev. Dr Le I ■ 
Trowbridge Chain her lam, an honorary associate of thdfcnT ^ U ** 
of the sum of $35,000, to bo known as the Frances I** l 
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fluid, the income of which is to lie used for promoting the increase 
ujid the scientific value und usefulness of the two important Isaac 
Lea collections, $3 .'>,000 being given on account of the gems and 
precious stones and $10,000 on account of the fresh'water mussel* 
or Union idle. Owing to delay in the settlement uf the will, pay¬ 
ment had not been tun do to the Institution at the close of the year. 

By the will of Miss Lucy Hunter Baird, daughter «f Prof. Spencer 
K Baird, the second Secretary of the Smithsonian Institution, the 
Museum received during the year many interesting objects fur its 
collections ami several hundred important books for its library. 

'Flie distribution of duplicate material suitable for teaching pur¬ 
poses to schools and colleges in nil parts of the country aggregated 
14^664 specimens, besides several hundred pounds of rock and wm- 
crat fragments for blowpipe analysis. These were sent out in 
MS separate sets, and constated mainly of rocks, minerals, ores, 
fossils, mid mol hoiks mid other marine invertebrates. In exchange, 
transactions with other establishments and wit h individuals over 
15.000 duplicates were used, about $0 per cent of this number 
lieing plants. The loans to specialists for study comprised lOJ.jll 
specimens of uni mo Is and plants, and 5,435 specimens fi'otu the 
department of geology, besides 746 unassorted lots of marine 
invertebrate* und 107 lots of fossils. 

Tho total attendance of visitors at the new building aggregated 
387,73S for week days and Cl.053 for Sundays, making the daily 
average for the funner 885 and for the latter 1485. The number 
who visited the older Museum building was 146,533, a daily average 
of 486, and the Smithsonian building 103,045, u daily average of 
838. The falling oil in attendance at these two buildings may 1* 
ascribed to the fact that many of the balls in the former, emptied 
by the withdrawal of the natural history collections, have not yet 
received their new installations, and extensile rearrangements and 
repairs in the Smithsonian building practically caused the dosing 
of its exhibition rooms for a considerable pail of the vear. 

The publications of the year numbered 11 volumes and 58 separate 
papers. 41) of the latter belonging to the series of Proceedings and !> 
to the Contributions from tin* Xational Herbarium. In addition. 31 
short papers on materials in the collections of the Museum, relating 
mainly to new discoveries, were printed in the Smithsonian Miner] 
la neons Col lections, The total distribution uf Museum publications 
aimuinted to about 93,200 copies. 

The library received 1,017 volume?, 1,733 pamphlets, and 132 parte 
of volumes, ami its total contents were thereby increased to 43.009 
volumes and 73,765 pamphlets and other unbound papers, the greater 
part of which have been obtained through exchange and as gifts. 
Good progress was made in the reorganisation and arrangement of 
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the section of the library relating to the arts And industries, which 
occupies the former library quarters in the older Museum building* 
The auditorium and other rooms in the new building were fre¬ 
quently used for meetings and public gatherings having objects 
akin to those nf the Institution, and al m by several bureaus of the 
Govermncnt for official purposes. The regular meetings of the 
Washington Society of the Fine Arts and the Anthropological So¬ 
ciety of Washington were held here* as were the public sessions of the 
annual meeting r«f the National Academy of Sciences and the meet- 
in ge of the Spanish-Anvericon Athenenin and the American Orni¬ 
thologists" 1 Union* Lectures were delivered under the auspices of the 
Washington Academy of Sciences, the Medical Society of the Dis¬ 
trict of Columbia, the Washington Society of Engineers* the George 
Washington University, the Washington Society of the Ardueo- 
logical Institute of America, the Germanistic Society of Washington, 
the Columbia Chapter of the Daughters of the American Revolution, 
the District of Columbia Chapter nf the Guild of American Organ¬ 
ists and other musical societies, and the Home Club of the Depart¬ 
ment of the Interior. A special program of American music w as 
also rendered by the Friday Morning Music Club, Of three con¬ 
gresses, one held in Chicago, the others in Washington, each had a 
special meeting in the auditorium for addresses by distinguished 
persons. These wore the Third International Congress of Rofrigera- 
tioiLp the fourth annual meeting of the American A_ssaciuttnn for 
Study and Prevention nf Infant Mortality, and the Third Interna¬ 
tional Congress on the Welfare of the Child* On April IS, 1014, a 
reception to the Daughters of the American Revolution was given 
by the Secretary of the Institution* 

The neeui nmod a lions afforded by the new building were utilized on 
numerous occasions by bureaus nf the Department of Agriculture 
for meetings, conferences, and hearings, including a series of lectures 
under the Bureau nf Plant Industry and a conference with the wool- 
growers* accompanietl by an excellent exhibition of wool specimens 
which has been deposited in the Museum, A meeting of the Ameri¬ 
can Pomolcigiciil Sopjcty in conjunction with the Eastern Fruit 
Growers Association* the Northern Nut Growers Association HI1I | 
the Sm icty for Horticultural Science, held in November ifljq 
brought together in the foyer of the building one of the finest exhi¬ 
bitions of fruit that has ever been displayed in this country. 
Respectfully submitted* 

Bicjiard Rati i bun, 

A**i*tmt Secretary m Charge IL S. National Afmem 
Dr. Charles D. Walcott, 

Secretary cf the Smithsonian 1 nititutiun, 

Ogtomsb ft, 1£H4* 


Appendix 2. 

REPORT ON THE BUREAU OF AMERICAN ETHNOLOGY* 

Sin: In response to your eoimuu meat ion link'd July L, I have the 
honor to present the following report on the operations of the Bureau 
of American Ethnology for the fiscal year ending June 30,1014, con¬ 
ducted in accordance with authority grunted by the net of Congress 
approved June 28, 1013, making appropriations for the sundry civil 
expense* of the Government, and with a plan of operations submitted 
by the ethnologic t-in-eh a rge and approved by the Secretary of the 
Smithsonian Institution* The* provision uf tlio act authorizing the 
researches of the Bureau of American Ethnology is as follows: 

American ethnology; For amtlnolag eUuuiToj$lea1 reamretie* ami*ng tin; Amur- 
kun Iguana floit tlif native* rf nuwull, imilndLn# ifae muatvattoa nml preserv*. 
tion i>r archHotoelc n-iuaiiiN. imtler tl» direction of tiu* SnilUisoetaa Institution, 
liit’linlliiK Haliirii'rt or cviutuniMiiJui] uf all iievessaiy I'luiiluyecs mid (lit* juirelinsv 
uf accessary itooks aiul juried lea ta hichiilluir |flyment iu uUrauce for sntiscifp- 
tlouH* ^42,000. 

SYSTEMATIC KESKAIltllliS. 

The systematic researches wen* conducted by the regular stuff of 
the bureau, consisting of nine ethnologists, including the ethnologist* 
in-charge and several special investigators. Them* opt'rations may¬ 
be summarized as follows: 

Mr. I*. W. Hodge, ethnologist-in-charge, was occupied during most 
of the year with the administrative affairs of the bureau* Congider* 
able attention, however, was devoted to the preparation of the anno* 
tuted bibliography of the Pueblo Indians, which is probably more 
extensive than that of any other group of tribes, us Pueblo written 
history commenced in the year 1530, and the writings pertaining 
thereto arc exceedingly voluminous. The bibliography is recorded 
on cards, the number of which is now about 1,000, The cataloguing 
of the vast amount of manuscript material bearing on the subject 
ilns Iwen somewhat simplified by the recent publication of Bolton’s 
Guide to Materials for the History of the Tutted States in the 
Principal Archives of Mexico, published by the Carnegie Institu¬ 
tion of Washington* and Twitch nil's Spanish Archives of New 
Mexico, although without consultation uf the documents themselves 
it is not possible to give more than the title in most eases. In the 
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spring Mr. Hodge made a brief visit-to the library of the Presby¬ 
terian Board of Home Missions in Now York City, where he was 
enabled to record the titles of numerous published writings on mis¬ 
sionary efforts among the Pueblo Indians of New Mexico, not acces¬ 
sible elsewhere. In this bibliographical work he has had the assist¬ 
ance of Mrs. Prances S. Nichols and Miss Florence M. Ponst. Mr. 
Hodge continued to represent the bureau on the Smithsonian Ad¬ 
visory Committee on Printing and Publication, and the Smithsonian 
Institution on the United Stales Board on Geographic Names- 

Early in the autumn of 1913 Mr. Hodge marie a reootmoifisance of 
a group of mins, evidently prehistoric, on a mesa rising from the 
south western margin of the Cebollita Valley, about 20 miles south of 
Grant. Valencia County. N. Mes., and only u few yards from the 
great lava flow that has spread over the valley to the westward for 
many miles. While no very definite information regarding the origin 
of this ruined pueblo has yet licen obtained, there is reason to suppose 
that it was occupied hy ancestors of the Tanyi, or Calabash, clan of 
the Acorn a tribe, and is possibly the one known to them at Kowina. 

These ruins consist of a number of house groups funning a com¬ 
pound. That the structures were designed for defaise is evident, for 
not only are they situated on an almost impregnable height rising 
about 200 feet above the valley, but the houses themselves part also of 
the form of fortifications, while the only vulnerable point of the 
mesa is protected at the rim by means of a rude breastwork of stones. 
Moreover, the outer walls of the buildings, some of which still stand 
to u height of several feet, are pierced only with loopholes, entrance 
to lhe structures doubtless having !#en gained by means of portable 
ladders, ns in some of the pueblos of to-day. The houses of the great 
compound, consisting of four compact groups of buildings, were evi¬ 
dently i4 terraced 51 mi the plaza side, the rooms facing this court per¬ 
haps having been only a single litory in height. As a further protec¬ 
tion to the pueblo, the eastern side was defended by a low wall, 
pierced hy three gateway like openings, extending from the north¬ 
eastern to the southeastern corner of the compound. 

The rooms indicated in the ground plan of Lhc four house groups 
number approximately 95 (for the northern group), 53 (eastern 
group), 32 (central group), and 10*2 (southeastern group), or an 
aggregate of 237 ruonis, At the time of Its occupancy the number of 
rooms in the compound probably approximated 550. In addition, 
there arc traces of four or five angle-story rooms abutting on the de¬ 
fensive wall bounding the northeastern part of the compound. A 
short distance from the southwestern angle of the southwestern house 
group are two smaller detached houses, the southernmost one con¬ 
sisting of 24 rooms in n long tier, 2 rooms deep, extending approxi¬ 
mately NNW. and SSK, The other structure, ul.K>ut 55 feet north- 
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westward, is rectangular and contains 11 rooitis in }te ground plan. 
Four kivsis are traceable among the rooms of the main compound— 
one in the northwestern. one in the central, and two in the f^mthwest¬ 
ern group. In each case, so fur «s is determinable without excavation* 
the outer wedls of the kivas are rectangular, while the inner walls are 
circular and slightly recessed a short distance above the floor. 

About 50G feet southeastward from the main compound, at the 
edge of the mesa, stand the well-preserved walls of another structure, 
consisting of a double row of rooms, the outer wiiH t or that over¬ 
looking the mesa rim, extending S8 and 15 feet, respectivoly, beyond 
the northwestern and southwestern corners of the building proper, in 
order to give further protection. The length of this outer wall from 
angle tu angle Is about 1.3a feci. It exhibits one of the finest ex¬ 
amples of masonry to be seen in the ancient pueblo rmm of the 
Southwest, for not only have the building atones been dressed to 
shape, but their faces have been finished by pecking, with such labor 
ns to confirm the belief that the ancient village was designed for 
permanent occupancy. The southern corner of the outer defensive 
wall is not only curved, but the stones of which it is built are rounded 
by careful peeking, it most unusual feature in pueblo architecture. 
That this last structure was designed to protect the most vulnerable 
part of the mesa is evident from the fact that the outer wall is w ith¬ 
out openings of any kind and extends beyond the rooms of the struc¬ 
ture* and because the adjacent mesa rim is protected by a rude low 
wall, especially at such points as required ready defense against 
attack from bdow. As already noted, the walls of ilieso ruins are 
noteworthy by reason of the excellence of their masonry* special 
effort having been made to produce a pleasing effect in the exterior 
faces. Of die inner walls m much can not lie said: but us there is 
no question that when the houses were occupied the rooms were 
smoothly plastered, there was little need of the elaborate finish ac¬ 
corded the exposed ma&rnry. Slight attention was paid rithcr to 
regularity in the shape of the stones or to smoothness of surface in 
building the inner walls, nor was the aboriginal mason more par¬ 
ticular iti bonding the inner and outer courses than in "breaking" 
the joints o f the «uler face. It seems re markable that, possessed of 
sudi patience and expertness the builders hem display in other 
ways, they seem to 1 1 Live been unaware of the necessity of avoiding 
the construction of their walls in such manner that in places as many 
as six or seven vertical joints occur practically in line. In this brief 
report only mere mention can l>e made of many other interesting 
architectural features of these ruins, as well as of another pueblo 
ruin* more or less circular in shape, situated a few miles northeast¬ 
ward on a low mesa at the extreme head of Cebollita Valley, which 
here forms a small but beautiful canyon. 
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The itdiBbi bints of tin 1 : great compound first described obtained 
their water supply by means of two principal reservoirs fed by the 
drainage front the great sandstone shelf oh the southern slope of the 
meat summit These reservoirs ore natural depressions in tho i rock, 
but the capacity of the larger one, which measures by 00 feet and 
is nhout 5 feet in niaximum depth, bus been greatly augmented on 
the western side by an artificial retaining wall 14 feet long and 10 
feet in thickness, with an exposed fare of tii feet on the reservoir side. 
So well did this reservoir evidently serve the ancient niesa-dwelters, 
that, during seasons of unusual ruin, water still “lambs to n consider* 
it Ido depth w ithin the depression. The small e r reaer voi r is tri angular 
in outline and measures about Lf> by IV* feet. An interesting feature 
in connection with the larger reservoir is the remains of a rude dike 
extending 6G feet along the rocky shelf above referred to, built for the 
purpose of diverting the flow of rain water from its natural course 
into the reservoir. 

11 is not yet known where the ancients of this pueblo customarily 
buried their dead, but probably the interments were made in the 
tains of the mesa, ns is the care with the llopi, of Arizona, to day. 
There was found, however, in the corner of a shallow cavern in the 
northern face of the moan, above the tains, a small cist, formed by 
a low and broken wall of masonry, which contained the somewhat 
incomplete skeletons of two adult females, one incomplete skeleton 
of u boy, and the incomplete and defective skeletons of two infants. 
With one exception these remains had been greatly disturlx*d by 
nils, which had burrowed their way through the bones and their 
accompaniments to the lK>ttom of llm cist and fairly filled the re¬ 
pository with cactus spines, excreta, and other debris of nest build, 
jug. The remains were accompanied with several pottery vessels, 
chiefly bowls, one of which was covered with a well-preserved mat, 
plaited of u fibrous plant which Mr. Lyster H. Dewey, of the De¬ 
partment of Agriculture, identifies us a scirpiis, and almost cer¬ 
tainly tiarptu, robViM. The ornamentation of this pottery, us well 
as of the numerous sherds scattered about the nit ns, consists of 
plain red, black on red, white on red, plain black, black on white, 
brown on white, brown on red. and many other combinations of 
color. All the decorations noted were in geometrical designs. 

On the northern face of the tnesn, but practically hidden from 
view except from one point in the valley Mow, is a small house 
slid ter of excellent masonry, built Iwncath an overhanging ledge 
of the cliff which forms the roof. This shelter, which is provided 
with a single small opening overlooking the valley to the northward, 
was seemingly designed as a lookout station either for Watchinir the 
crops or an approaching foe. Across the valley, on the eastern side 
of the first great mesa directly opposite that on which the ruins are 
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situated, is another small diff lodge, now accessible only by art]Hein] 
means- Examination of Hio interior* as in the ease of the eliJQT lodge 
above described, yielded nothing of interest. Farther up the valley, 
on the northern ride* in plain view near the base of h mess, is a larger 
cliff iodgp, filled to a considerable depth with detritus from the soft 
stone forming the roof and side walls* Examination of the floor of 
Lhk lodge a few years ago by Mr. Hodge yielded a few corncobs* 
one or two smalt objects made of yucca leaves* and a wooden drum- 
stick of a form such ns the Zllni now employ. 

Dr. J. Walter Fewkes, ethnologist* spent die month of July, 191S, 
in the office continuing the preparation of his monographic report 
on the aborigines of the West Indies, especially describeg the many 
objects from these islands in the noteworthy collection of George G. 
Iloye, esq.. of New York* He made a visit to New York toward the 
close of the month to study recent additions to this collection and in 
super vise the preparation of the illustrations for his report. It 
became necessary, in order to make this memoir as comprehensive 
as possible, to investigate types of the Onesde collects on, now owned 
by the Museum fur Ydikerkrmde in Berlin. Accordingly Dr. Fcwkcs 
went to Phi rope at Ms personal expense and s|>ent August, Septem¬ 
ber. and October studying these types and also many undesorib^d 
Porto Rienn and other West Indian objects in various museums* 
Bin wings of about HO specimens, many of which have not been 
described, were made during the course of these studies in Berlin. 
He also visited the museum at Copenhagen, Denmark, which con¬ 
tains many old specimens from the Danish West Indies and some 
rare types of prehistoric objects from Porto Rico, all of which were 
either drawn or photograplied. West Indian objects were found also 
m the museum collections of Leipzig. Dresden, and Vienna* Some 
time was given to an examination of the dolmens and megaliths in 
the neiglilHirhnod of Berlin and elsewhere in northern i lermany, and 
of the numerous mounds and prehistoric workshops on the Island 
of Riigen in the Baltic Sea. 

Dr + Fewkes spent his vacation on the shore of the Mediterranean, 
which he crossed, visiting the most striking ruins in Egypt, pene¬ 
trating a* far south us Assouan, and making special studies of the 
remaining evidences of neolithic man at Abydas and El Knb on the 
banks of the Nile. He had always m mind a study of prehistoric 
irrigation in this region, with a view to comparing the works with 
similar remains In Arizona. In the museums ivt Cairo and Assouan 
Dr* Fewkes examined considerable material dating back to lute 
neolithic times and found a remarkable similarity not only in archi¬ 
tectural features but also in stone implements, basketry, bone imple¬ 
ments* and other artifacts from the valley of the Nile and those from 
our Southwest. One of the important features of the visit to Egypt 
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w&s n study of methods of excavation and repair of ruins adopted 
by Egyptologists, On his return from Egypt Dr. Fewkes passed 
through Greece and southern Italy rand was able to acquaint himself 
with tin 1 method of excavation and repair of ancient ruins in the.^ 
countries, especially those on the Acropolis and at Pompeii. 

Dr. Fewkee arrived in Washington in April and munedintelj re¬ 
sumed work on his report on the Aborigines of the Wert Indies* 
which wns continued during April and the greater part of May. In 
thu Jtitter month he again took the field and spent the whole of June 
in archeological research in the Mimbres Valley, N. Mex. In 
this work he was able to enlarge our knowledge of the distribution 
of pottery symlx>ls and to add important collections to the National 
Museum, The Mi mb res Valley i.s practically the northern extension 
info the United States of an inland basin known in Chihuahua ns 
the Sierra Mad re Plateau. The fact that its drainage does not 'con¬ 
nect with any stream that flows into the Atlantic or the Pacific 
Ocean imparts a peculiar character to 5 is geographical environment. 
On the southern part of this plateau, as along the Casas Grandcs 
River* mounds and ruins of large sifte are well !nrnwn f from which 
have been taken some of the finest pottery in the Southwest; but the 
archeology of the extension of this plateau into Now Mexico has 
ijevcr lieen adequately examined. In his brief reconnoissajiee Dr* 
IVwkes collected evidence that the prehistoric culture of the Mimbres 
Valley was strikingly characteristic. The decorated pottery from 
the mins in this valley Sjs unlike that of any other region. It con¬ 
sists mainly of mortuary food bowls, which the prehistoric inhabit- 
ants were accustomed to break or “kill*’ and place over the heads 
of the deceased, who were buried beneath the floors of the houses. 
About 6® specimens of beautiful pottery, more than half nf which are 
ornamented with painted figure* of human lacings and animals, were 
found or purchased. As these are the first examples ever brought 
to the National Museum from this region, the results are gratifying 
They afford through Llieir geometrical ornamentation, and esjHciallv 
because of the life forms which predominate, an interesting insight 
into the ancient culture of the Pueblo region to the north and in the 
Gihi Valley to the west. It Is Mexican in type, and some of the hiv- 
meats ore practically identical in form and -omn menial ion with the 
beautiful pottery from Casas Grandes, Chihuahua. 

During the year Dr. Fewkcs added about HfK) pages of manu¬ 
script to his report on the Aborigines of the West Indies which was 
approaching completion at thu close of the year. 

Shortly before the close of the preceding fiscal year Mr* J unies 
Mooney, ethnologist, proceeded to the reservation of the East Chero¬ 
kee Indians in western North Carolina for the purpose of continuing 
the translation and elucidation of the large body of sacred formula^ 
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written in the Cherokee language and alphabet, which he had ob¬ 
tained from the native priests and their surviving relatives some 
years ago. and about one-third of which he hud already translated, 
with explanatory notes. In connection with this work n large mini- 
her of plants noted in the formulas as of medicinal or other value 
were collected and transferred to the division of botany of the Na¬ 
tional Museum for scientific identification. In this collection were 
several specimens of the native com of the Cherokee, still cultivated 
x, s sacred by a few of the old conservatives. On examination by the 
experts of the Department of Agriculture this corn was found to be 
a new and hitherto undescribed variety of special food importance 
under cultivation. Return was made from the field early in Octo¬ 
ber, ism. 

In June, 1014, a brief trip was made into Prince Georges and 
Charles Counties. Md., for the purpose of investigating the status 
and origin of some persons of supposedly Indian descent, con¬ 
cerning whom several inquiries had come to the bureau. Mr. 
Mooney found, ns he had supposed, that these people, numbering in 
all several hundred, were, like the Pamunkoy of Virginia and the 
so-called Croat an of North Carolina, a blend of the three races, In¬ 
dian, Negro, and White, with the Indian blood probably predominat¬ 
ing. They constitute and hold themselves a separate caste, distinct 
from both white and negro. They probably represent the mongrel- 
i»ed descendants of the Piseatawny tribe, and are sometimes locally 
distinguished among themselves as “ We-SortV’ that is, “Our Sort."’ 

On June 22. 1914, Mr. Mooney again started for the Kart Cher¬ 
okee to continue work on the sat-red formulas, with a. view to speedy 
publication. 

Ills time in die office during the winter and spring was occupied 
chiefly with the extended Investigation of former Indian population, 
together with routine correspondence and replies to letters of in¬ 
quiry. On request of the Department of Justice he prepared «n 
extended deposition on tribal ranges am! Indian depredations in 
i northern Mexico and along the Rio Grande, which was officially 
characterized as one of tiie most important and interesting that hud 
ever come before the department. 

In pursuance of hss investigations of the Creek Indians and allied 
tribes. Dr. John R. Swan ton, ethnologist, proceeded to Oklahoma 
early In July to attend the busk ceremonies, and was present at those 
of the Eufaula, Ililibi, Fish Pond, and TukabacM Creeks. Notes 
were taken on all of these nnd photographs obtained of various 
features of all but the last. At the some time, with the valued as¬ 
sistance of Mr. (i, TV, Grayson, of Eufaula, Dr. Swan ton gathered 
further ethnological information from some of the old people, and 
continued this work after the ceremonies ceased. Somewhat later 
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ho visited the small liody of Indian? in Seminole Comity who still 
rot tun a speaking knowledge of Hitehiti, and added nliout 10 pages 
of test to that previously obtained, besides correcting a portion of 
Ontsc:llet's Hitdiiti vocabulary. Be made an arrangeinent with an 
interpreter by which 100 pages of additional text were received after 
his return to Washington. 

Whila some time was devoted to studies of the Alabama, Hitdiiti, 
and Choctaw languages, most of Dr. Swan ton's attention while ill 
the office during the year was centered on two particular undertak¬ 
ings. One of these was the proof reading of the Choctaw-EnjEsh 
section of Eyington’s Choctaw Dictionary, and the compilation, with 
the efficient help of Miss M. C. Hollins, of an English-Choctaw in¬ 
dex, which will comprise about S50 printed pages, to accompany it 
The other was work on the first draft of an extended report on the 
Creek confederacy, of which the historical part, consisting of 300 
typewritten pages, is practically completed. 

At the loginning of the year Mr, J. N, B- Hewitt, ethnologist, 
undertook the work of editing and copying the Seneca text “ Shngo- 
wenotha, or The Spirit of the Tides,” which was recorded by him in 
the form of field notes in 16QG on the Cattaraugus Boson - a thin. New 
York. Tliis particular piece of work, forming a text of native 
words, was completed in August, 1913. The task of making n literal, 
almost nn etymological, interlinear translation of this test was next 
undertaken and was completed in November, yielding an aggregate 
of 11,111 English words In the rendering. The other of the two 
native texts in Seneca, u Doadanegen and ITotkwisdudcgenii." which 
was recorded in the form of field notes by Mr, Hewitt in 1S90. was 
next edited and copied; this work was completed by the close of 
December and consists of 4,Sfi8 native Seneca words. The literal 
interlinear translation of this text then taken up was completed in 
February, 1914. making H.6&4 English words in the rendering. 

On finishing these translations Mr. Hewitt commenced the read¬ 
ing and digesting of the Sonern material of the lute Ac corn i all 
Curtin for the purpose of providing notes and explanations to the 
stories, a task that was made the more difficult by the fact that Mr. 
Curtin’s field notes of explanation and identification an? not avail¬ 
able. One of the longest of the stories collected by Mr. Curtin, 
■* Doonogues and Tsodiqgwadon,” comprising 1-19 typewritten pages! 
required 1-14 notes varying in length from three or four lines to 
several pages; but this story is of exceptional length. The entire 
Curtin material has now been reread nnd annotated. Mr! Hewitt 
also completed the notes for his introduction to the “ Seneca Myths 
and Fiction, 1 ’ and the final writing was almost finished by the close 
of the year. 


BEFOBT OF THE BEOBETABY. 


63 


As opportunity offered, Mr, Hewitt continued to work on n sketch 
of the Iroquois bngiMige, and he has now in hand about 7a pages of 
manuscript in addition to a considerable body of notes and diagrams 
for incorporation into final form. 

Mr. Hewitt al*o made a week's study of the voluminous nmnu* 
script u Dictionary of Words that have been Made Known in or 
Introduced into English from the Indians of North, Central, and 
South America,” compiled by the late "William JL Gerard, with a 
view of ascertaining its value for publication by the bureau. This 
examination was mads difficult by the fact that the compiler of the 
diction ary had access to many works which were not available for 
Mr. Hewitt 

Unfortunately the work summarized above was often interrupted, 
owing to the need of frequently calling on Mr. Hewitt for the prepa¬ 
ration of data for replies to correspondents, whose inquiries pertained 
to linguistic, historical, sociological and technical matters. In coti- 
nertion with this work there were prepared HO letters, rarely ex¬ 
ceeding a page in length, although soma occupied several pages and 
required considerable study and research in gathering the needed 
date for reply. 

During the year Mr. Francis La Flesche, ethnologist, recorded the 
rituals and accompany mg songs of five additional Osage ceremonies, 
known a- Wfiwatho*, Wnddka Weko, Wazhi^gao, Zhi^g&SBhi^ga 
Zhazhe Thiwlse, and, W&tthaxthe. Of these the Wiw&tho" is com¬ 
plete; the record tills al.iout 150 pages, including songs, diagrams, 
and Illustrations. This ceremony, which is of religious significance 
and is reverenced by ah the people, has iieen obsolete for about 20 
years, and there now remain only two men in the tribe who remeiu- 
ber it In most of its details. It was a peace ceremony that held an 
important place in the great tribal rites tif the Osage, for through 
its influence friendly relatione wore maintained among the various 
gentry composing the tribe, and it was also the means by which 
friendship with interrelated tribes was established and preserved. 
Early French travelers mention this ceremony as being performed 
by the Osage in one of the tribes of the Illinois confederacy during 
the second decade of the eighteenth century. Unlike the Osage wnr 
ceremonies* which are complex and composed of several steps or 
degrees, the TVfiwntho’ 1 is simple and complete in itself. The u pipes,^ 
sometimes called calumets, which are employed in its performance, 
consist of a number of sacred symbolic articles, each of which, with 
its attendant ritual, was in the keeping of a certain geos of the tribe. 
The assembling of these articles fanned ail essential part of the 
ceremony, for it was on this occasion that the ritual, which explained 
both the significance of and the precepts conveyed by the sacred 
articles, had to be recited. This WiwstW ceremony resembled that 
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i>f the Omaha* Panes, Qto, and Pawnee tribes* differing only hi 
minor details* To i3ie intelligent thin king class the aims and pur- 
poses of the ceremony are dear* but there are among the Osage, us 
among other tribes, those who can not comprehend fully the deeper* 
broader teachings of such a rite, and because of this restricted view 
superstition# beliefs regarding it now prevail among the lower 
classes* 

The record of the Widftka Weko, one of the seven wur ceremonies, 
conmsti; of S® pages of manuscript, w ith 32 songs. This ritc T which 
b the sixth degree of the war ceremony, is divided Into eight parts, 
exclusive of the introductory rites, and consists of rituals and songs 
pertaining to the ceremonial cutting of the scalps for distribution 
among the various gentes for their sacred packs. One of these parts 
has to do with the odd** or " honors/' won by the warriors in buttle. 
While this ceremony is recorded completely* it is not yet ready for 
publication! since it is one of seven Interdependent degrees the study 
of which b not yet finished, 

Wariu'gao, the bird ceremony for boys, is another of the seven 
degrees* und k regarded as important It has been transcribed in 
full* but the notes thereon have nut yet been elaborated for publica¬ 
tion* 

Zln*gBfJu a ga Zh asdic Thndse (naming of u child), a ceremony that 
hears no direct relation to any other, is regarded as essential to the 
proper rearing of a child* and is still practiced. This ceremony h^ 
been recorded in its entirety, but stilt lacks the descriptive annotation 
necessary before publication. 

The IVexthc-vthc, or tattooing ceremony, the last of the five re¬ 
corded by Mr. La Flesehe, was taken down from its recitation by one 
of the men who had participated therein. This transcription is stilt, 
in ti measure, fragmentary, but enough has been obtained to render 
a fair idea of the significance of the tattoo designs employed* The 
notes on the Wfxtliexthe are not yet prepared for publication, a* 
there is still a possibility of recording the ceremony in i H entirotv. 
A set of the implements used by the Osage in tattooing have been 
obtained for illustration and have been deposited In the Xntionul 
Museum- There has also been placed in the museum a wax6bctd D gn l 
or great sacred pack, which once belonged to Wag£ta%hi a ga* a promi¬ 
nent man of the tribe, who died in 1910. After much perguorioa 
bk widow reluctantly consented to part with this sacred article, to¬ 
gether with its buffalo-hair and rush-mat cases. This pack consists 
of the skin and plumage of a white pelican* the bird which in Oseec 
mythology revealed through a dream the mysteries of tattooing aid 
provided the implement therefor* 

All the shove-described cere*monies studied by Mr. Flc^die have 

still ti strung hold on the Osage people; this, together with the fact 
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tlidt every initiated person Required Ins knowledge at great expense* 
has made it almost impossible to record the ceremonies in full fruju 
those who have been induced to speak about them. 

Mrs- M. C. Stevenson, ethnologist, continued her studies nf tins 
ethnology of the Tewa Indians of New Mexico, devoting special at¬ 
tention to the pueblo of Sun UdefonsiJ- with ft view of elaborating 
her memoir on this group of tribes, which consists of about 400 pages 
of manueeript T material relating to almost every phase of Tewa cus¬ 
toms and beliefs having been added in whole or in part during 
the course of the year. Perhaps the most important of the new" data 
gathered by Mrs- Stevenson on these interesting sedentary people 
relate lo their ceremonies with respect to human sacrifice. The con¬ 
servatism of the Tewa and the secrecy with which most of their 
numerous rites are conducted make them a difficult subject of study 
and one requiring considerable time. Mrs. Stevenson's memoir had 
reached such u stage of completion that it the dose of the year she 
was making final arrangements for acquiring the materials still 
needed for illustrations. 

Shortly after the beginning nf the fiscal year Dr. Truman Miehel- 
son t ethnologist, proceeded to Tama, Iowa, to renew his researches 
among the Fox IndIans, A f to r successfu)ly commencing 11 1 ese stod ins 
he proceeded to Tongue River Reservation in Montana for the pur- 
pose of studying the remnant of the Sutaio tribe incorporated with 
the Cheyenne, It seems that some ethnological information can still 
he obtained in regard to specific Sutoio matters, but little of the lan¬ 
guage remains. Dr. Micbebon compiled a fairly large Si it a in vocab- 
tiJary t but fewer than a dozen words are fundamentally different 
from the corresponding Cheyenne terms. Such grammatical forms 
as could be obtained indicate that Sutaio sheds little or no light on 
the divergent Algonquian type of the Cheyenne language. 

Returning to Tamil to renew his Fox studies. Dn Mirhelson suc¬ 
ceeded in elucidating the social organisation almost to completeness* 
It appears that the two major divisions of the tribe are nut purely for 4 
rivalry in athletics, but rather are ceremonial Dr. Michel son was 
successful also in. obtaining the very long myths of the culture hero 
and the Mother of all the Earth, It is evident that the actual Fox 
society still corresponds in a measure to that given in the myths. 

In October Dr. Michelson proceeded to Kansas to investigate the 
Sauk and Fox of the Missouri. A recoimoLssance only mis made 
here, and some of the Fox material obtained at Toma was translated. 
In November ho returned to Washington* and in January, 1014 t via- 
Ited the Carlisle Indian School for the purpose of studying special 
points of grammar and phonetics with some of the Sauk and Fox 
pupils. Thence he made a trip to New York City, taking with him 
one of the pupils for the purpose of consulting Dr. Fnuuft Boa lb, hon- 
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tiinry philologist nf the bureau, on certain mooted points pertaining 
to the Fox Jungnagc. While in New York u few tracings were miule 
with the Itousselot apparatus. 

In May Dr, Midielscm again visited Carlisle for the purpose of 
making a translation, of the story of a sacred bundle of tins Fox 
lr it linns, which lie lias recently procured. 

Toward the end of the fiscal year Dr, Midielstm devoted some time 
to the problem whether the Yurok and Wiyot languages of California 
were Algunquian, as had t*M;n recently claimed, and readied the con¬ 
clusion that the existing evidence does not justify such a class ifirati on. 

Work on the Handbook of American Indian Languages was con- 
tinuet! under the personsil direction and editorship of Dr, Franx 
Hons, honorary philologist. Part 2, winch ib in preparation, is to 
contain grammatical sketches of the Tukdma, Coos, Siuslaw, and 
■ttifcu languages of Oregon; the KatenaL of Montana; and the 
Cbulichee. The Takdma sketch was published in advance in sepa¬ 
rate form in 1912. During the present year the printing of the 
sketch of the Coos, by Leo J, Fracbtenberg, which forms pages 
297-429 of part 2, was finished. The manuscript of the Siuabiw, 
also by Dr. Ftacbtcnlurg. was completed and revised, and, except for 
a small part, is in galley form. The Chukchee sketch likewise bus 
Ix-i ii set up in galleys and revised, and new material on tin- dialects of 
the language, having become available, has been added. The print¬ 
ing of the sketch proceeded necessarily slowly, since the notes had to 
lie read by the author. Mr, Waldeumr Bngorns. who lives in Russia, A 
full treatment of this grammar is particularly desirable, since it 
serves to define the relationships of the American languages toward 
the west. Dr. Frachtenberg, u fuller re|>urt of whose work will 
follow, has made progress with his studies of the Alsca. The gram- 
iimtiral material and the tests have been extracted and studied, and 
the latter, which are to funii the basis of the sketch, have been copied 
for the printer. Dr. A. F. Chamberlain, a valued collaborator, whose 
.untimely death we lament, furnished a sketch of the Kutenai Ian- 
guugu. Tt was necessary to make a detailed study of this sketch, 
Tliis was done by Dr. Hons partly during the winter in Hew York 
wiili the help of a Kntenai boy and portly during the month of .Time 
aiming the Indians of Montana and British Columbia. The report on 
this sketch was completed. A certain amount of preparatory work 
for the sketch of the tiaJish language was also dune, more particu¬ 
larly a map showing the distribution of the SnlLsh dialect, based or 
researches by James Teit. wag completed. The expenne of the 
work for this map. which has occupied four years, was mrt by- \t 
Homer E. Sargent, of Chicago, to whose lively interest in tlm |] !"' 

book and related subjects we are deeply indebted. JJ H . vocalmlurV - 
un which the map is bused aru in an advanced stage 0 f pit.p in:i ' ' H 
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Much time was do voted by Dr. Boas during the year to the prepara¬ 
tion of a report on the mythology of the Tsimshian Indiana, based on 
muteiiul written during a period of 10 years by Henry W. Tate, 
himself a Tsimshian. Owing to his recent death it was necessary to 
close the collection, the expenses of which have Ikth defrayed from 
private sources. The monograph was completed and is in type for 
publication in the thirty*first annual report. 

Brief reference to the researches of Dr. Leo ,T. Frachtenberg, 
ethnologist, has been made in connection with the preparation of 
part 2 of the Handbook of American Indian Languages. The licgin- 
ning of the fiscal year found Dr. Frachtenberg in the field in Oregon, 
where, from June to September he was engaged in linguistic and 
ethnologic work on the Knlupouinn family. During these months he 
collected « mimher of grammatical notes ami nine texts in the dialect 
of (lie so-called Calapooiu Proper, but owing to luck of sufficient 
means for continuing this field work he was compelled in discontinue 
it in October. r I he linguistic researches into the Kulaponian family 
brought out a number of interesting points, of which the most salient 
are os follows; Phonetically the family is related closely to the Lutu- 
nrniun I Klamath) and Saiuptiu groups. Certain pronominal forms 
and a few numerical terms are identical with the Klamath and Sa¬ 
ha ptin forms. In nil other respects, chiefly morphological, Kal- 
apooinn hears dose resemblance to the Coos, Sioslaw, and Ynkonnn 
stocks- A particularly dose affiliation exists lwtween this mid the 
Coos family in the phonetic structure of words. While the phonetics 
of both languages arc divergent, both are what may be termed vocalic 
languages and an* practically free from any iliUirult consonuntie 
clusters. The Cab poo i a teste thus fur obtained deal chiefly with 
the Coyote cycle and are identical with myths found among the Coos, 
M'lklu. Klamath. Maidu. Chinook. Alsou, Takelnui, .Stilish, and other 
tribes of the Pacific urea. The mythology as a whole is typical of 
that region in the absence of true creation myths and in the multitude 
of transformation stories. 

A survey of the linguistic phase of the Kakpooian stock slums it 
to embrace the following dialects; Calapooiu Proper (also called 
Marysville). Chelamda, Yamhill, Atfaluti, Wapato Lake, Alumt- 
Kuyukj Santiam, Lnkmayut, ami Yonkallat. These dialects show cer- 
t:tin degrees of interrelationship, which may be formulated as follows: 
Ca la pi Kiin. Sanlinui. Lakniuyut. and Ahantsiiyuk form one closely re¬ 
lated group: another group embraces the Y amhill and Atfalati 
dialects, while Yoiiknllnt seems to constitute a group of its own. No 
information as to the Chid mucin dialect could be obtained. 

tn July Dr. Frachtenlierg received what seemed to tic trustworthy 
information that some lVillapti Indians were st ill living at Bay Cen¬ 
ter, \\ ash., but on visiting that point he found the reputed Willapu 
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to be Lu fact members of the Chehali* tribe, thus proving conclusively 
tlmt the Will sip a are entirely extinct. 

I.)r. Frachtenhcrg returned to New York late in October end was 
engaged until the beginning of Docemlier in tho preparation of the 
SiusJnw grammatical sketch for tho Handbook of American Indian 
Languages, additional work sm which became necessary lx?eiiuse of 
the fact that during his stay in the field he hud received further in¬ 
formation concerning this extinct stock. In December Dr. Fruehten- 
l*erg took up his duties in Washington, liecoming first engaged in 
supplying references from the Sinshiw texts in the grammatical 
sketch of that language. At the close of the year this sketch was in 
type. Dr, Frachtenberg also prepared for publication a Siusluw- 
Fuglish and English-Siusluw vocabulary, containing 90 typewritten 
pages. He furthermore prepared tin English-Coos glossary, which 
mnv be utilized in the near future, as it has been found desirable to 
add such a glossary to each volume of native texts. 

On completion of this work Dr. Frachtenberg commenced the 
preparation of the Aiwa texts collected by Dr. Livingston Fat-rand 
it) 1500 nnd by himself in 1910. These texts, consisting of 31 myths, 
tales, and narratives, and comprising 198 typewritten pages, w ill Ih> 
submitted in the near future with & view to tmbli cation us a bulletin 
of the bureau. 

At tho dose of the fiscal year Dr. Frachtenberg was preparing for 
another field season in Oregon, w ith the view of finishing bis studies 
of the Kaldpootuii stock and of conducting similar researches among 
the Qtiilerrte. 

Mr. W. JL Holmes, of the National Museum, continued his work 
on the preparation of the Handbook of American Antiquities for 
the bureau, reaching the practical completion of part 1 and making 
much headway in the preparation of part 2; progress in this work, 
however, wup necessarily delayed owing to the pressure of many 
duties connected with b bead curotorsbip in the National Museum. 

During August, 1913, Mr, Holmes made a visit to Luruy, Va., for 
the further study of an ancient village site near that place and the 
examination of certain implement-making sites in the vicinity. In 
June he visited Missouri for the purpose of studying certain collec- 
tions owned in St Louis and for the reexamination of an ancient 
iron and paint mine at Leslie. It was found, however, that recent 
mining operations had been carried so far that traces of the abort sri- 
rial work at the mine were practically obliterated, and besides the 
mine was found to tie filled with water, making effective examina¬ 
tion impossible. From St. Louis he proceeded to Chicago, where 
studies were made of certain collections with a view of obtaining 
data necessary to the completeness of the Handbook of American 
Antiquities. 
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In her studies of Indian music Mia- Frances Densmorp made two 
trips to the Standing Rock JtefiartfatioQ, S. Dak, (one in July mid 
August, 1913, mid one in June, 1314), where she engaged in investi¬ 
gations tit Bullhead, McLaughlin, and the vicinity of the Martin 
Kenel School. This research completed tho field work for the pro- 
posed volume of Sinus music, the material for which, subsequently 
prepared for publication, consists of 333 pages of manuscript, 33 
musical transcriptions of songs, 30 technical analyst's of songs, anti 33 
ormi] illustrations. 

Tin* practical use which musical composers are making of the 
results of Miss Deusmonrs studies is very gratifying. Mr, Carl 
Busch lias adapted for orchestral purposes four of the songs rendered 
by Miss Densmore and pub! idled by the bureau, as follows: (L) Chip- 
jwwa Vision, (2) Farewell to the Warriors, (S) I„ove Song. (4) 
Lullaby. Mr. Heinrich Hammer, of Washington, has composed a 
Sun Dance Rhapsody and a Chippewa Rhapsody. Mr, Charles 
Wakefield Cadman has composed, for the voice, two of the Chip¬ 
pewa songs, “ From the I,ong Room of the Sea ” and “ Ho, Ye War¬ 
riors on the \\ urputh.' Mr. S, K, Fcnlield has harmonized two vocal 
quartets, ■' Manitou Listens to Me n and u Why Should I be Jealous! ” 
For the violin Mr. Alfred Manger has prepared a u Fantasia on Sioux 
1 hemes," and Mr. Alberto Itimboni has well advanced toward com¬ 
pletion an opera bearing the title “The Maiden’s Leap.” Certain 
of the orchestral arrangements have iieen played by the Chicago 
Symphony Orchestra (formerly known as the Thomas Orchestra), 
as well as by the symphony orchestras of Washington, Minneapolis, 
and Kansas City. It is interesting to note the demand fur Sioux 
themes in advance of their publication. These have been furnished 
i« manuscript as far as possible to those desiring them for specific 
and legitimate use. Two of the compositions in the foregoing list are 
based on such themes. , 

Work on the volume of .Sioux music is approaching completion. 
This will U? larger than cither of the bulletins on Chippewa music, 
and, while the same general plan has lieen followed, there will 1>e 
much that is new, both in subject matter and in style of illustration. 

During the year work on the Handbook of Aboriginal Remains 
East of the Mississippi was continued by Mr. D. I. Bushnetl, jr.. 
under a small allotment from (be bureau, and approximately 90,300 
words of manuscript were recorded nn cards geographically ar¬ 
ranged. The entire amount of manuscript now completed is about 
321,000 words, and the bibliography thus far includes 300 titles. As 
a result of the notes received from the Wisconsin Archeological 
Society, through the courtesy of its secretory, Mr. Charles E. Brown, 
of Madison, every county of that State will be well represented in 
the Handbook, It is to be regretted that more Information regard- 
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hig almriginal reiuams is not fortiicoming from certain other parts 
of the country cast of the Mississippi, especially the New England’ 
States, which at this writing are not adequately represented. The 
bureau is indebted to Mr, Warren K. Mourehead, of the department 
of archeology of Phillips Academy, Andover, Mass,, for the generous 
use of original data gathered by him in Maine in advance of its 
publication by the academy. 

Mr. James Muiie, us opportunity offered and the limitations of a, 
small allotment made by the bureau for these studies allowed, con¬ 
tinued his observations on the ceremonial organization and rites of 
the Pawnee tribe, of which he is a member. The product of Mr. 
Mtiritrs investigation of the year, which was practically finished hut 
not received in manuscript form at the dose of June, is a circum¬ 
stantial account of “The Going After the Mother Cedar Tree by the 
Bear Society,* an important ceremony which has been performed 
only by the Skidi band during the last decade. 

In the last annual report attention was directed to a proposed 
series of handbooks of the Indians of the several States and to the 
arrangements that had been made for such a volume, devoted to the 
tribes of California, by Dr. A. L. Kmeber, of the University of Cali¬ 
fornia. The author has submitted sections of the manuscript of tills 
w ork for suggestion, and, although his university duties have delayed 
its completion, there is every reason to believe that when the mate¬ 
rial is finished and published it will form an excellent model for the 
entire series. It baa been hoped that the pecuniary meuns necessary 
for the preparation of these State handbooks would be provided in 
accordance with the estimate of an appropriation submitted for tins 
purpose, hut unfortunately the desired provision was not made. 

Prof. Howard M. Ballou, of Honolulu, has submitted from Lime 
to time additional titles for the List of Work* Relating to Hawaii, 
compiled in collulxiration with the late Dr. Cyrus Thomas. The 
material for this bibliography is in Ibe hands of Mr. Felix Neumann 
for final editorial revision, and it is expected that the entire manu¬ 
script w ill soon lie ready for composition. 

The large collection of manuscripts in possession of the bureau 
has been in continuous charge of Mr. J. K. B, Hewitt. A few note- 
worthy additions were made during the year besides those prepared 
or which are in process of preparation by members of the rtail. 
Among these may he mentioned the “ Dictionary of Words that have 
Infcii Made Known in or Introduced into English from the Indians 
( >f North, Central, and South America.” by the lute William R, 
Gerard, n work requiring many years of assiduous labor. The 
manuscript was acquired for a nominal consideration from Mrs. 
< liirord, and it is the design to publish the dictionary ns soon as it 
Can be given the customary editorial attention. Before Ids death 
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Mr* Gerard presented to tlif bureau an original manuscript of 31 
pages, with 21 diagrams, on 44 Ter in motions of the Algonquin n Tran¬ 
sitive and Indefinite Verbs and their Meanings,” to which L>r. Tru¬ 
man Michel son has appended a criticism- 

Additional manuscripts worthy of special note are the following: 

J. r. Dm in: Translation of M In ml-Pour La Dfetlonuity, Part 2* Alter to A*, 
ttimer. TUo oti^lcuil of tills dictionary 1 a la the John Carter Brawn Library. o£ 
Frnvlilani^ through wtutse contteotts libraiiua. Mr. George Parker Wlnnhlp, 
the bureau hss been provided with a pboboetat copy. 

J r P. Dana: Translation of the History of GpucsIfl, second chapter, fmm the 
Mbiml-FcorLu Diet Iona ry above cited 

Cyra* Jtyingttai: Manuscript notebook, lAH-l&iS and 1SRL Kindly pre^ 
wilted by Mrs. KHni Innois, daughter of this noted tnlsfllanaiy to the Choctaw. 

I&mvA A, csmil-nsi: Chippewa Sentetwcs, A tunall quarto notebook kindly 
presented by Miss Emily Cook, of the Office of Indian Affairs. 

Purker Marshall: Turlons memoranda on the location of the Natchez Trace, 

TL A fScomp: Comparattre Choctaw and Creek Dictionary, consisting of 
l.dfj-t nbeet-% 20 by 3d laches* 

Fnnacluco Pared n: Coaf^s^loiinrlo, in Spanish and Tlmnqita* Pin Mortal copy 
ftiralrtied by the court £*y nf the New York Historical Society. 

Francisco Fareja; CatccUteino, in Tlmuqun. Photostat copy fnmlshi^l hy 
the coartesy the Ntew Yi>rk HUtfnrtnl Fockuy. 

Frrmcls.ro Fareja : Explication do 3a Doctrlna. In Tiiuiapm. Photo mat cojiy 
furnirtiftl by the courtesy of iliu Now York HMorlotl Society, 

v. C. Frederick^: Origin of tho Buklmo nod their Wandering* with photo- 
gnipha (The author Is n IiMtlah mUt*JoDaty In GreralutnL) 

Front I line to time the bureau has been put to considerable eTtpenae 
in having photostat copies made of unique manuscripts and of ex¬ 
cessively rare hooka indispensable to its researches* It is therefore 
fortunnte that the opportunity was afforded, late in the fiscal year, 
to acquire a photostat apparatus which has since been in constant 
service. The urgent need of such an instrument was made especially 
manifest when the Rev + George Worpenberg, S* J., librarian of St- 
x\tarvs College, St Marys, Sana, generously accorded the bureau 
the privilege of copying a number of valuable original linguistic 
manuscripts in the archives of the college, pertaining chiefly to the 
Fotawatomi and including n dictionary and a grammar recorded by 
the late Father Maurice Gail I a tub Manuscript copies of these vtilu¬ 
minous linguistic works could have been made only after infinite 
labor by an expert and at an expense far exceeding the entire cost of 
the photostat apparatus- By the close of the year the making of the 
facsimile reproductions had been commenced by Mr. Albert Sweeney, 
under the immediate dirertion of Mr. De Lancey Gill, illustrator. 

An opportunity was u (forded at the close of the year to replace the 
wooden partition and ceiling of the manuscript room with terra 
cotta and to install a fireproof door and window coverings, thus 
giving for the first time adequate protection to the bureau's largo 
collection of priceless unpublished material. 
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PUBLICATIONS. 

The editorial work of the bureau has 1 k.tr continued by Mr. -T. G, 
Guriev, editor, who has boon assisted from time to time by Mrs. 
Frances S. Nichols, The following publications were received from 
the press during the year: 

fivtlciin S3. “ Chippewa Music—II," by France* Denanare. 

pulhtin SS, “ BtliiHdttolOKT of tie Ti;wii itHtlnus,” by JanluB HenderMO and 
John P- HflirlnRidiu 

"Coot; An ittuatraltrc Sketch;' by Leo J. Fmcbteoborg. Extract from 
Haimlbfeflt of America a Indian tJinguiiges < Bulletin 401, part 2. 

The status of other publications, now in. press, is as follows: 

The proof reading of the T ircnty-ninth A/umal Report, tho ac¬ 
companying paper of which, entitled “ Ethnogeogrtphy of the Tewa 
Indians" by John P, Harrington, is an exhaustive memoir present¬ 
ing many technical difficulties, was nearly completed during the year. 
About two-thirds of the memoir is in page form. 

The Thirtieth Annual Report comprised originally, in addition to 
the administrative section, three memoirs: (l) 1 TeUn&hian Myth¬ 
ology,’’ by Franz Boas; (2) M Ethnobottny of the Zufii Indians” by 
Matilda Coxe Stevenson: (3) “An Inquiry into the Animism and 
Folk-lore of tlw Guiana Indians,” by Walter E. Both, Extensive 
additions to the first-named memoir, received after the report had 
been put into type, necessitated the division of the contents, and 
accordingly this section was transferred to the Thirty-fret Report. 
Approximately two-thirds of “ Tsimshian Mythology 1 ' has been 
paged, and the Znfit memoir also, now the first accompanying paper 
of the Thirtieth Ummf.is in process of paging. 

To the Thirty-zfcon<l Report will be assigned a memoir entitled 
“Seneca Myths and Fiction,” collected by Jeremiah t'urtin and 
J. N. B. Hewitt and edited with an introduction by the latter, the 
manuscript of which is about ready for editorial revision. 

Bulletin 40 {pL 5), “ Handbook of American Indian Languages .’ 1 
The work on this bulletin has been carried h long steadily under the 
immediate supervision of its editor, Dr. Boas. Two sections—. 
Takelnm and Coos—have been issued in separate form (aggregating 
421* pages), and two additional sections, dealing with the Chukchee 
and Siustnw languages, reflectively, are in type, the former being 
“ made np ” to the extent of about 50 pages. 

Hulk tin 4*7, “A Dictionary of the Choctaw Language,’* by Cyrus 
Byington (edited by John B. 8 wanton and Ilenry 8 . Halbert). The 
first (Choctaw-English) section of this work was completed during 
the year and is practically ready for the press. The manuscript o? 
the second section (English-Choctaw director) 1 1 , comprising 36,008 
entries on cards, was sent to the Printing Office April 30 to June 13, 
but no proof had been received at the close of the year. 
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Built tin SS, “ Ethnobotuny of the Tewu Indians,” by Wilfred W. 
Robbins, .John P. Harrington, and Barbara Froire-Marrcco. After 
this bulletin was in type it wan found advisable to incorporate a con- 
side ruble amount of valuable mater till, subsequently gathered and 
kindly offered by Miss Frare-Slarreco. The change involved recast¬ 
ing in a large measure the original work. The second galley proof 
is in the hands of Miss Ereire-Marrcoo for final revision. 

Bulletin 57, "An Introduction to the Study of the Maya Hiero¬ 
glyphs,” by Sylvanus Griswold Morley. The manuscript and illus¬ 
trations of this memoir were submitted to the Public Printer the 
latter part of April. Engraver’s proof of the illustrations, with the 
exception of a few pieces of color work, have l>ecn received and 
approved. Owing to the heavy pressure of public business, the 
Printing Office bad been unable to furnish proof of the letterpress by 
the dose of the year. 

Built tin -iA, List o] Publications of the Bureau of American 
Ethnology/' The page proof of this bulletin is in the bunds of the 
printers for slight correction, preparatory to placing it on the press. 

The total number of publications of the bureau distributed during 
the year was I2.S10, classified as follows: 


Tt^jbort vdiimpu and te pn|H»rs.... 

BuS Set i hb___„ _ _____ _ ___ 

Contribu Lions to Xortii American Ethnolo^ 

I ntrikluet Ions __ 

BJiu hernia pub]Icatkirui T . mi ______ 


% 045 
22 
G 

m 


A.s during so\£rnl years p&st the extensive corms^oiiden^ flrhiiig 
from the constant demand for lIic publications of the bureau has 
been in immediate and efficient charge of Mim Helen Mimroe and 
Mr. E. I* Springer, of the Smithsonian Institution, assisted by Mr. 
Thomas F. Clark, jr. The distribution of publications has been 
made m accordance with taw and with entire satisfaction by the 
oBire of the superintendent of documents on order of the bureau. 

ItArSTHATIONS. 


The preparation of the illustrations for the publications of the 
bureau, the making of photographs of the members of delegations of 
Indians visiting Washington, and the developing and printing of 
negatives made by the staff of the bureau during the prosecution of 
their field work have l*ou in charge of Mr. DcLeiicev Gill, illustrator, 
assisted sucwsfdvely by Mr Walter Stenliouse and Mr, Albert Sweeney. 
In addition the numerous photostat copies of manuscripts and books, 
aggregat ing about 2,500 exposures, have been made under Mr. Gill's 
supervision, as elsewhere mentioned. Of the visiting deputations, rep- 
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refuting l"tribes,79 photographic exposures were made; 92 negatives 
of ethnologic subjects were required for reproduction us illustrations; 

negatives made by the members of the staff in the field were 
developed and '131 prints made therefrom; 105 photographs were 
printed for presentation to Indians and 827 for publication, exchange, 
and Fluvial distribution. In addition to the photographic work, 
which constitutes the major part of the illustrative material required 
hy the bureau, M drawings were made for reproduction. 

The series of photographs, representing 55 trilies. which had licen 
exhibited hy the New York Public Library and the Public Library 
Commission of Indiana, was borrowed in Juno by the Providence 
Public Library for a similar purpose. 

UPTiARY. 

Tho reference library of the bureau, which consists of 111,240 books, 
about 12,894 pamphlets, and several thousand unbound periodicals,has 
been in continuous charge of Miss Ella Leary, librarian, assisted by 
Mrs. Lila .Slaughter. During the year 70S books were accessioned, of 
which 143 were acquired by purchase and 1ST bv gift and exchange, 
the remaining 428 being reprinted by volumes of serials that 
hitherto hail been neither bound nor recorded. The periodicals cur¬ 
rently received numbered 1120, of which only Ifi were obtained bv juif- 
cha.se, tlie remainder being received through exchange. Of pamphlets, 
150 were acquired. During the year 1.195 volumes were sent tn the 
bindery und of these G95 were bound and returned to the bureau. 

The endeavor to supply deficiencies in the sets of publications of 
institutions of learning has continued without remiss!mi. Among 
the more important accessions of this kind during the vear were 
Zeitechrift der ftesellsehiift fur Erdkiuule zu Berlin, 20 volunms; 
Tnstituto Geografico Argenrino, Boletin, 10 volumes; and KduigUch.es 
Museum fur Vdlkorkunde, Yeri’iffentliihungcn, 8 volumes. 

The librarian has prepared a monthly bulletin of accessions for the 
use of the staff, and has furnished information ond compiled hiblio* 
graphic notes fur the use of correspondents. In addition to the con¬ 
stant drafts on the library of the bureau requisition was made on the 
Library of Congress during the year for an aggregate of a'«> volumes 
for official use, and in turn the bureau library was frequently con¬ 
sulted by officers of other Government establishments. 

An appropriation having been made hy Congress, ' m behalf of the 
Inst it u tb'ii. for installing modem steel bookstneks in the eorim 
end Ilf the large exhibition ball mi the first floor of the Sin ithsoniai' 
building, and provision having been made for affording the orai*™.! 
increased facilities to the library of the bureau* which for fear ,1 
n half J*n had been installed in the eastern galleries of the hall 
mentioned, the books therein were removed in February to the gallery 
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#n<I met in floor of ths western end of tho hull iind tho ojislcrn galleries 
were demolished. Although this work of removal occupied two 
weeks, it was done without confusion and practically without cessa¬ 
tion of the library’s activities. The new stacks were in process of 
erection before the close of the fiscal year. 

COLLECTIONS. 

The following collections were acquired by the bureau or by mem- 
!>ors of its Stall, and, having served the purpose of study, were trans¬ 
ferred to the National Museum, as required by luw; 

Eljflit fragment* of ancient KrltMj pottery, Gift to the bureau by Her. ftoltort 
C. Nlalitingak*. Swaffrtui. Norfolk. Englnii0. 155733.) 

I'obtonls, frnguicnta of bo man bones, and three beads. Gift to the bureau by 
Vf*. Bruce Held, port Arthur. Tex. <£>*(&) 

Parts of JHc skeletons i Uiree complete akulla and fragments of two skulls) from 
Q burial etst lu u care about 30 ini lea of Grant. X, Mel, Collected by 

t*. W. Hodge. Isurestu of American Ethnology. 150134.) 

Thirty-one ethnological objects from the Cherokee uml Catawba Indiana Col¬ 
ies led by J nmes Mooney. Itnrenu of America a Ethnology. (50312.) 

Six pboiogniphs of axils.- antiquities. Purrhaaed from YV. YV. Blake, City of 
Vex ten, (5GW0> 

Stoui* (iluiltna from Mh-mx Verde. Colo. Gift to the bureau by tt. C. Ijiy, Tellu- 
ride, Colo- tfWTiO.) 

Arrow point found "ii tlu> north fork of Itonmtfce Hirer, about 3 mlloa from 
Pluck-bit re. Y'n. Gift to the bureau by Prof. Otto C* Burkhart, Virginia 
Polytechnic Institute. I tin i-ki-btirii. Vn. (50675.1 

PKOPEBTY. 

The principal property of the bureau consists of its library, com¬ 
prising approximately 35,000 books and pamphlets, a large collection 
of manuscripts for reference or in process of preparation for publi¬ 
cation, and sevemI thousand photographic negatives. With the 
exception of n portion of the library, this material could not Ixs 
duplicated. In addition, the bureau possesses a photostat apparatus 
with electric-light equipment, several cam eras, dictagraphs, and other 
appliances for use in conducting scientific research in the field and 
the office, necessary office furniture and equipment, and a limited sup¬ 
ply ‘ ,f stationery, supplies, etc- Also under control of the human. 
Imt in immediate custody of the Public Printer, as required by law, 
** 1 f, f numerous publications, chiefly annual reports and 

bulletins. 

VISCELLAXEOtJS. 

Quarters .—The only improvements made in the quarters occupied 
hy the bureau in the .Smithsonian building, ns set forth in the last 
report, have been those incident to the reconstruction of the library 
and the fireproofing of the manuscript roam, above alluded to, and 
the painting of the walls of four rooms, made necessary partly by 
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inadequate lighting- In addition to the space previously occupied, u 
loom on the fourth floor of the eastern end of the Smithsonian build¬ 
ing was assigned temporarily to the bureau for the use of two mem¬ 
bers of its staff, 

Offia fmrx -—The personnel of the office has remained unchanged, 
with the exception of the resignation of one messenger boy and tike 
appointment of another. It has been necessary to employ a copyist 
from time to time in connection with Um editing of Byington’s 
Choctaw Dictionary* The cor impendence of the bureau has been 
conducted in the same manner as set forth in the last annual report 
and us herein before mentioned. 

Rzcom men dal hn &+-—The chief needs of the Bureau of American 
Ethnology lie in the extension of its researches to fields as yet mi- 
exploited. Attention has frequently been called to the neec^ity of 
pursuing studies among Indian tribes which are rapidly Incoming 
extinct, or modified by their intimate contact with rivilkatiom 
These researches can not la* conducted unless the means ate pro¬ 
vided, since tin* present limited scientific corps, with inadequate 
allotments of money to meet Llie expenses of extended field investi¬ 
gations, is not equal to the immense amount of work to be done. 
Unfortunately many opportunities for conducting these researches 
which were possible a few’ years ago have passed away, owing to the 
death of wider Indians who alone possessed certain know ledge of 
their race. Much can still be done, however, if only the means are 
afforded. 

It is scarcely necessary to repeat, in connection with this general 
n, , cotnniradation ! the estimate for an increase, amounting to 
in the appropriation for the bureau ami the brief reasons for urging 
the grant of this additional sum, inasmuch ns these items will be 
found in the printed Estimates of Appropriation^, 1015-16* 

Kesij tect fully si ihmi tted- 

F + W ) iIoi>GE t 

Eth nologht+in-vh anjt t 

The Skqletajiv »>r nir Smithsonian- Institution, 



Appendix 3. 

REPORT ON THE INTERNATIONAL EXCHANGES, 

Sin: I have the honor to submit the following report on the operas 
tioiiE of tiit* Fnternationol Exchange Service during the fiscal year 
ending .Tune 30, 19J4: 

Tho congressional appropriation for the support of the semes 
during the year, including the allotment for printing and binding, 
was *3>2.-200 (the same amount as appropriated for the past six 
3ears), and the repayments from private and departmental sources 
for services rendered aggregated $0,364.19. making the total aratluMe 
resources for carrying on (lie exchange system $37,4(14.18. 

During the year J&14 the total number of packages handled was 
341,087, an inr-rease nf 3,04fi ns compared with the preceding year. 
Thr weight of these packages was 666,965 pounds, u deemrne of 
2 r '.flS4 pounds. 

Tho number and weight of the packages of different cU&vs are 
mdictitHl in the following tuble: 



Etygufiiit 

WdtfiL 

SfltJ t. 

Jtwrri T «l. 

0*ttL 


TJ oli#4 fitrilH jvul IflriWHtarj docniEitrills peat abn^d,__, + . 

l.lt.+wj 


A-sflJf. 


I t n5.'LL-*tfcnw pw»h-^S fa mturti Mr paribus ifa£*ry d khiimiiIjl 



. .. 

Mia 

HiiIUhI Slatsflflpirtitirfiiil ^oeimietsLi wit . 

PaMkstkm. rn^Ind fa rrtum for <f apart tnmkal Owanwfi u.. 
Wh»t4lAtt«nu MikciLLfbt in L Hirrrtry pohlkafcfcnrr mat nfam.i 
vEdDiitlr sail litervy pnWfc^krtLA rmtT*j 
tmm fttipfjaij f ar dlftrUmidoa fa tho UftifH Scnlti 

ro, ?m 


IW, 19ft 

* r WH 


Tv.osa 

WlhKi 

3^ HI 


T-fftal. 


Qmil tetol . 

sj, m 

& r m 

«4 S 4&] 

143, SH 

Mt&sr 

.. 

4nfi,i»r* 



In April, 1D14, the American-Chinese Publication Exchange De¬ 
partment of the Shanghai Bureau of Foreign Affairs, which was 
designated a few years ago by the Chinese Government us the 
jmsi ory uf the set of 1 nited States governmental documents 
sent to that Government, signified its willingness to accept pack- 
ages for miscellaneous addresses throughout the Chinese Re public 
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and forward them lt» their various destinations. Consignments in¬ 
tended for distribution in China are. therefore, now sent in care of 
that department instead of the Zi-khrwci Observatory at Shanghai, 
Iu this connection, it is desired to record here die Institution's 
appreciation of the valuable service rendered by the Zi-ka-wei 
Observatory in the distribution of exchanges to correspondents 
in China for nearly a quarter of a century. 

The Smithsonian Institution, through the International Exchange 
Service, continues to solicit publications for both foreign and do¬ 
mestic governmental and scientific establishments. At the request 
of the [British ambassador, which was referred to this Institution 
by tho Department of State, many United States official publica¬ 
tions were procured'for the various Canadian departments and 
bureaus. As formerly, aid has been rendered the Library of Con¬ 
gress in obtaining from foreign Governments certain documents 
especially desired for its collections. 

Of the '2,465 boxes used, in forwarding exchanges to foreign 
agencies for distribution, 230 Ikixcs contained full sets of United 
States official documents for authorized depositories and 2,185 were 
filled with departmental and other publications for depositories of 
partial sets and for miscellaneous correspondents. The number of 
boxes sent to each foreign country and the dates of transmission 
lire shown in the following table: 

Conttiffnttien.lt of ftwAanpew for foreign roun trier. 


Country r 


AlTITKU-.^ .... 


1)EinTCM........, 

9WVU-«. *.*«.. 
Dudl. ..... 


Unrron >intM 

BHLH4IU Tir . 

r~*juiK4. 

CUlLt-.x.. 

CHI* I,.... 

ColdWP^,.., 

Cft/fTA 

OiMU- 


Nnprtlwr 
flf basis. 


|S&H flf tJfaimilLHlflft, 


Jul|» + Ati*. ti, Fepl_» F 39, 1»l3: Jun, ^ Fri > s&f 4I 

im»z r mi- p 

tl Jttty 15. An*. U^B^L It, Oct. 15. Not. 13. CNr. til, vm* Jut U Pa 
I*. War. IS. Apt. 17. Max Lil, Jqm 17. lilt. 


U 


Iiilf 12, ^,/ZT* Onlr Up. Not. 9. j& a pee, ^ ir ^. 1 , 

r*b. 19. UnJ- 31. A^.33. ALxy 2l h Jotlf |Q ]4 ' 


4 

12 


I 

4 

5 
» 

Si 


Irij 30. Gel. 1, NOT. Ul3; F*to. 4. Mu. ?, 

JuJjr a, An*. 22, SipL m, Out jj. Nat, uia : j*,>. Fe5Pi ^ A 

(.JnrwS, l^N. 

Mr is. An*, a, a, fiitrt. *, a, 0 *, io. ai , », n r p*. s> , 9!a . 

J™- “V *■> F* h > *> Ww* Ur Apf. #. 1* T Hay ^ J|Hw * _ |£kt , f 
Nat. 3, Bac, IT* 1913? Mu r 14,10c* 30 . lilt. 

OrtrlB. NpT- 35. IC13. Ffll.l- i . Hill. It. filisy |t H U|tj ]>>t 4 
H, mi: Jul 13* 31. Apr. H* 1 fay m* ' 

Jalj as. Alls- 3. K4 Opt T 37 p NOT. Sfc, I 9 ij; j M . 3 ^ r4t? ^ A 
IT, Jelda 4, IHU. * Wm 

Jair w* Ai^ 31. s* P t. ^ Not. is. m* Smn. s. ifrj. * Aw M 

a.jffa-tfi.iBii. 1 ^ 


it 

in 

5 

49 


ImI? », Not. H, 1912: Jul 2J. Way I f. luin. 

toll »• Ort e, J»n. a. * JuD 

*^L a.l»m JrtJ.U.r^.11, Apr. It, MiT IS; 10 J L ^ 

Juir a, An*. 19. Sup*, a, 0«.a, x w , t». W M L v „ „, 
m a, Apr.«, n, T a;. Jlttlt23 , 19 ,; M - luu < J «-^ 
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Cawrifftimrnt* e/ wchattffe* far fart-ipn rnuntriea^Canthui&L 


Coanl^. 

S unibe? 

of 1*S*B¥5.. 


Jtaumo*.. 

» 

V 

OtfL fl. Kdv, « r 1»B; F*b, 4. Har.7 r May 21. 

Earn......... 

ix 

11 , On. 3S> tfor. 2 *. that. ». HUJ; J«n, is,, F*b. 21 . Apr, 3 . as. 

! 3 luue KJ r 1914. 

Sfeanx.*....... 

ISO 

Jti]y I0 r Jl, Aug. it, M, StpL IS. Out. ^ JS, Ntrr. 18, Use, S, St, 1813; 
Jin, It, Fd». t,t», M«. il, Apr. S, Mny ^ Jon* U, 1911. 

OniiXT...... 

4W 

July 1, B, ti, S3 ,», 30, Aug, J, 10, 19, SS, B, Stpl. 2, 8, «, S3, 30, Out 
7, It. 21,», XoT. 4, u, |8, a, Dtt. % 9, 14, E, JO, 191B; Jin. 6, 13, 38, 
«, Fril, J, 10,17, St, Maf. S, 10, IT. Jt, »H, Apr. 7, to,», Jfay i, 13, 20 , 
Ion* 2,14,33,30. OU. 

GJlKAT BnJTADf AJiH 

44§ 

July 13, 18. *&, Aug. *.4,14,22., », S*p4 0, 12, 21 ,», Oct 3. 10, 17, St, 

tHELlXI., 


Saif, 1,7, it,21.», D«. S, 1*, 18, 37, 1914; Jan. 3,10, IT, 24,.31, Ftb. 
*, 13, B, 27, ltd*. A, H,», it, Apr. t, », 14,«, May * », 3, Jim* l, 

c, o, »,sa,mt. 

l? HEiLcnn... 

It 

JuJ>- as,. Aufr n t Svpi. Sip Oct* u* j*c. i?, ms 3m ai. Mur. ?, May 

lf. P JtiDB S T UHL 

Gl'iTElUli. T . 

1 

July > 0 , Oct,*, Ntnr. E, 1013; Frt, 4, Mu, 7, liny 21, Jew. 30, toll. 

fiAtH.... 

1 

S*pt. 22, 1913; JlLB. 12, F.k St, Apr. Jt„ Miy «, toll. 

ii{UDClLL& r , .. 

6 

A Ui- & r Nbv, 15, ILH5: Ftb. 3 F Mir. 7, Jum 13, Uli, 

IIITKO AfiTa.. 

» 

JiiijT ID, Anjf, 13; BcpL \7, Nov. la* Dec, 1* mi: JML U h Fib. IS, Mir. 
15, Apr. IT, May l»p Jim# 17,I«L 

.. 


Jaij 19* ifi, = 1 , Alii. 3; Us a; SipL &, a>, aft F rvt, 10 , 17 , sm f no*. 

[T^r. 4 Inn. J* ID.3J. ¥*h. % 13, &v Np IQ, 37, Apr, il. 



S3p M*y a, D h 1 ELQfe t>, 2Vp MtL 

Italt . ......... 

M 

Aui.7 r gflid. $1 g 3Jp Ort. 11,95, Nor r 1,23, Y^. &j, 1^1-1; Ju. 21, Frt.SE, 
Mate 7p Apr P SS F Jtrni 3^ip 1BH, 

JiMm Iirr __ 

7 

AitirTTp Orl. 30. Not. Ii f LVr. 7 . H15; Mw. ao, JticM 13, 35 , UK 4 * 

JitxM... 

frl 

July34 p Aoe r ao K ^pt.3^Gct.lipXav T 35pI>fK J » r Idia; Jtn.37, Fc^. 34 , 

* 


Apr. a, Juiit 5 F IDii. 

.. 

4 

Attfr 17, Oct. 31 r Iflli: Ffcbr 7, Jana 13 F ID J A 

lanu....... 

£ 

JuJf 11. tVt 31, 29, IB13: MkT* 7 P May U f 1 SU 4 , 

LoriEEJf^j UHHVtl 

4 

Aui. W, IW. IT. ISIS; Jniw IS, IDlt* 

WAJ 

a 

&cpi.23 F ESP; Jku i3 t FMi r 7|. Apr. li, May im 

Meuwi...., .. 

£ 

n r m i»4 MV Fib. 21 , Apr. 11 , May 13. IDlA 

UOKTOEO^ r . . 

9 ! 

E>fe. 17, l*y- Jiuu is. LQ]|. 

N'ffllElLAXTU_ rTr 

4>l 

July 15, Attt 5, » t ^, P L 33, Ort, li, tt, Nav. IS. U\ MI3; Ian. G, 

F*b a>ai, Mar. 24, Apr. 31. May 13, Jug* B r lill 

27 ,.. 

a 

Jifi, dp JihibM, ItU*. 

N'fit fikjtrm Wiul . 

31 

JaJyW. Au^.111, Oet. 23. a, 1913; Jan, 7*, F fl bJ$ p 

Mnr. 35, May 7. Jlidb 13 , Mil. 

N l 1 ! ZiiLLKU. 

as 

Ja]y ft. Ape-W„£rp*. a. Oti,2S. Ksrr. at, Dot, U, lBll ; Jbp. 39. Ffb, !&,, 
Mar. Jf, Ifay 7 . Jime Evil. 

NouacA.. 

5 

At?i, m r Not. 15* I 9 U- Fth, 5 , Mur. 7, Jiaus la, 151 ^ 

NoWaT^.^,.. 

31 

jQjy aa h An* is r S^e. 33 . Ocf. 31, Nov. IS. 1 >hf. 3fl f 1913; Jip. ^ F*]j, 31. 
Mm. 35p Aprt 34. Mmy a. Jttea 23^ 151A 

OOTAlUO... 

£ 

Si|rt. H. m Ju, 13* F#b, 32. Apr. H, M«y 13, 1914 . 

PjJLCfTi’NI......... T . 

7 

Brpt. 30,1UI3.* 

PlkiGUT. .... 

3 

Aii^ »* Km, MM; F*b, 4. May 15, Jus* », 1514 . 

I^EEF..... 

id 

July ffi, Atiff, 33 , Brpt. 30 + Ori_ f? r 3?. ifrtJ; Joel 3D r t 37, Jmu 4* 

tU4 

FcKfcrocut.. 

93 

July33, io.S#pi_ 2 j r OtL Jl. Not. 13. tkr.gti, I 3 |j- Jorum, F**u3l, 

Mot, 24, Apr. 14, May Bi. Japi2^ Mii. 

<itmUEC„.... 

A 

SepE. l«U3: Jilt 12, FM*. 2l t Apr. 14. May 13, MIL 


P 

July 34. Anf.%.S*pL 25* OoLMpNor.ii. Dot.33, MSJ; Joo.M, Fib, 25 , 
Mm. 27p Mrny 7, Jm» 16, 191L 
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rtmmrjr.. 


r<WH.lMA rr 
RbMU.__ 


frfVtU AlTffllAUl. 


Xu tutor 

ftf IK13PW. 


13 


H .TAaM _ _. .. 

fiwibtpr_ T . r . 


Stm.,___ 

Timsu KliJil ... 


THKEniD. ,,,. 
XilJtlT.,*,,, 


UlflOft <Vf frlM/TU 

JklUCk 

UarasiiY..^___ 

Vijtul’iiA... ja .. 

Vbmu.,,.,,.. 


Dal* oi Lroji^rnlAiEiiih. 
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WMXki A^imULU, 

WWtitt^lUiAJro L*fc- 
WM .TLCi IrtUf^EML 


j Ulj 31, An*. SJ> SppL 7L r On. S3, Nav,», »ia; F fl b, 7 P Mur. 11, May 1 i d 
Jmiii Si, IGil, 

W Juljr |I K Aijg. JL3, F*pl, pi, OcL 13, Xov. 13, P«, |J, MU; Jan, 1* J| 

Fab. Har. Ift, May a> p Junt IS, IQ] i, 

Jnly 3Q, Oct. C h 34, Kpt. 3ft, Ifllft; F«b, I, Mw. 7. Am* 12, 

13 Sitit ^ 3^pt.35 r N<j* r |ft, ipij; j M , Mar. 7, M*y 3ft, Am*3 lr i(p Mk 
A °I Nw, 2D, HU- Fafc. 7 f liar. 2s r Jim* am, lMt 
U 24 - 2ft S^it ffls Oft 23, Ntw, 3S h Dir. ST, Iti^f ltft P K, F*to 
Si, V*r-71 r May 7, Joo* in. m*. 

\nz. t t B#pL n.-Oct, 23, Xwr. 3P* thfc 30, IGlA; lark. 25, Fab. si, Apr, 3, 
Jtrna t% rill. 

Jdy If, A^„ J4 4 Bapt. IS, OfTt. lfi r V&y. ] 3 , tksf r H F 1PL1; Jan. Ill 
Fit-. 1 D f Mm. Ifl, Apr. sa, May 3> p j, mt t 93 _|_ 

M Inly IS, Aug* T, Si.pt. 3, 2T r D«t, 11 . », ll^. ^ ISIS; Ja&, M 

Ftb. lil, Mar. 2E, Apr. JS, Mmy 21, June H* 1934. 

Apt. 36, May 37 F Juno 25.1EK4. 

Aufj ,J t** 8*1* 4 - f^qn. H, !>«. J9 f m>: Ynh r 13, A™ || 2*L 

JonaH p l«IL 

Ww. 7, 3®, JlKW 12, 1DU. 

An&W.SepL^.OrLft, »l-i 14, Jan, ft, s, F*fi. 2ft, M*f * AftP 
»klhyn»Jlu»a^mf. 1 fr ' 

B».pt, 2$ r Ot-l. fflp Xov. 2t, PLJ; Jan. at, Frtj. a. May 13, Jim, ^ , Wt 
July 21, Aai. 32, 4VL i, X^. 3^ Hfig Jwi . 2| m. zr r Jim f * J>N 

f ja. 4, Xer, 3b, 1ft,H- Jmr Mar. ?, May Sh f Jane a■ J0 M ' 

***** »« Aai.» ( *,pt. 25, Ort.SS* Xflr.22, bn, zj, UKl; ^ p lh . 

3S, Mar. 37 r May 7, J*mn JA, J5U. 

July 12, Ei, Aitp: S3, 3D r CHi, 3, n, 3|, NV. , yj p Ew, & « mLV 

Jw “ ll!> p Fp b, G, 3TI, MjUt. a, S), Apr. I, Jmri+I S3, 1 D 14 , 

' h'L n, mi; Fib, 7, June 12, 1UU, 


fl 

12 

4 

U 

31 

U 

11 

34 
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In f irt<iljer, the Xew Tmk forwarding ngtnte informed the 
Institution thnt bo^es 1170 und 15QS, which we*‘ sent to them under 
dido of March 2S imd Muy in, im. reepeetively, for tnmsmission to 
ill* Japanese Majesty's residency general at Seoul, Korea, had been 
lost m transit bv the steamship company. These consignments con- 
tamed pubh cations from hath governmental and scientific establish¬ 
ments fnr distribution to Korean correspondents, and duplicates of 
as many of them as were available for distribution were obtained and 
forwarded to their destinations. 

FOltElHN DEPOSITOR IEJS OF UNITED STATES GOVERNMENTAL 

DOCUMENTS, * 

No additions were made to the foreign depositories of fnl| 0r 
tiai sets during the year, 50 full sets of United States official noil?’ 
tiims and 50 partial sets now being forwarded regularly to i ™" 
nated depositories abroad. ° ' 1 n«s«g- 
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The recipients of full and partial seta are as fallows: 

bi^oSITOBIES OF mu* SETS, 

AfMlfcNTiSA: HLnlflterio Jo Bdndoura Eitertotttt, Buenos AJim 
Av steali a: Library of tbe Commonwealth Pori Us mem* Melbourne. 

Auotkea : K. K. Statist! Echo &-ntnd-K*mitdttaon r Vienna. 

Bapeji: Un[verstEittsBIbllotli^, Freiburg ^Depository of the Grnud Duchy 
of Baden.} 

Bavaria ; KflciIflLcho Hof- nnd StnatB-BLbllothefe, Munich* 

B^um: BibUotli^us Itorutc, Brussels 
Bombay: Secretary to the Government* Bombay. 

Brazil : It Uil Sul been National, Hto Jo Janeiro. 

Btrarna Aiarsi litbtlotecji de In UMvomtJittl Niiclonnl du Ijj Flnta. (DciipbL 
toiy of the Province or Bueuos Aires.) 

Ca>aua: Library of Parliament, Ottawa. 

Cmi-t: Blbltafcctl do) Congreso N*di>noJ T Santiago, 

ri i^' Americjut-Clilai*^ PaWlL'atJon Kidiar^-- Department, Shanghai Bureau 
Of Fcrvlpn Affairs, ShnmghnU 
Colombia: BLbLIoteca National, Bogota. 

UQBTX R ica: Oflcliin de DepGsLto y Gcbje Imenmckmal de PublJcndoEieH, Sun 
Jos£. 

Cutia: Becmtiirlu de Estado {Aeuntu* Genermles y Cunje InternacloulL 

Haluinu. 

D^TtMAK: Kongo) Ego BibUoibeket, Gopenhagcu, 

L* inulastd i British Museum, Ijjjl'.S^cl, 

Fai.vcjt: imdMhvijnc National, Paris. 

Germany: Deutsche BeklutagerBLbliotheEE, Berlin. 

GLAauow; City Librarian, Mitchell Library, girhsow. 

OmiECtit BlblletiiCque Xntlaunla, A therm, 

Haiti: SecrOmlrurle d'font des BdatkftiH Extfiiieuim Fart an Prince. 

ItvmAKs : Hungarian House of Delegates, Budapest 

fwoiA: Department of Education (Books), Cktennuent of India. Calcutta. 

IlWLAnu: National library of Ireland* Dublin, 

Italy: Ribllotm-a Nnzjormle Vittorio Eniamiaie, Borne. 

Japaa : IrnjicrLul Library of Jnpiuj, Tokyo, 

Lowboji : luuidou School of JOconoiDies nod Political Science, (Depository of the 
Ijondon County CooncD.} 

Hum ba : Provincial Library, Winnipeg 

.Mexico: Institute BtbHogriftco r MbUoteea Nftdotiil, Mexico. 

NtniEHLA^os: Library of the Stales GaoettiL Tbe Hague. 

New SoiDTif Wales; Public Library uf New South Wale* Sydney. 

New Eealasd: General Assembly Library, Wellington. 

Nobwat: StortMngeta Bitdlethek* Christian la. 

Owtaiuo: Legislative Library, Toronto. 

Pa bib i Prf'/ecture de In Seine. 

Pfjuj : Blbllotecu NacEonal. Lima. 

PuanroAL t Bibliotheca National. Lisbon, 

Paufisi v: KOnlgHdm Biblloibek, EeriSiL 

Quebec: Uhmy of tho Legislature of the Province of Quebec, Quebec* 
Qc^KguiXP: PurtEfliiLentary library, Brisbane. 

Russia: Imperial Public Library, St. Petersburg. 

Raxd.tt : K^njgllche Oeffentltche Blbllotbek, Dresden* 

SraviA: Section Administrative du MlnJstfrv des Affaires Belgrade. 

South Ai?&tuajja: i'ariiamfiintBry Library^ Adelaide, 


72 


ANNUAL REPORT SMITHSONlAB INSTITUTION, 1014, 

SFAijf: SKrrldo dd Cambio Tntornudniml tie rubllcaeion™, Cuerpo Fncu Motive 
de AfcMveruit, BltillcnecnrSoa jr Arque^t^ Madrid* 

Branai: KumkIIril mbUote*Icet, Stockholm 
SwrrxLttLjtNU: BlbRotMqua Ftfd£rnte, Berne. 

Ta&mania: pa rUn Military Library, HobnrL 

Ttra.Kor; Department of Public IfurtnicHnn* Court nntlnopliL 

Ckiqn of Sotmi Africa: State library, Pretoria, Trnnsvjinl. 

UituouiY: OfLulmi do Canjo tatonutcToiml <le l^fcbUcadooes* lfoiitevldoo r 
Vekkxuela: Bilillutecft Nitckuial, Carnes, 

Victoria : Public library, Melbourne, 

WrtmptK ABatHAUA: Publ ic Library of Western Australia, Perth, 
WUwTEMma: NSnlgiicb* Lund^blbHaUiefe, SluttgnrL 

ccroeiTtJtyts o r partial bets. 

Aluliita : Prtii inriiij library, Edmonton* 

Aisace-Lqb^iaiwe : K. Mlnlrtorliim fdr KlJsa^LotbrLDe^, SirnKrtmrg, 

Bolivia; MlidsiorJc* 4143 OrtimtaAdOn y AnricaUnm, Iji Pus. 

Bremxst: BflnatstommiA^Lon fdr RcidM- und Amrafirtifft Ancdit gmTirtN^ 
Btmsii Ocauwxu; I^ifJaUio Library, Victoria. 

Miiihn fiuiAXA: Government Seofetoiy*!* Office, Georgetown, Demerara, 
Buluauia: Mlabder of Feral gn Affair*, Sofiix 
Ckvion: United Outflul. Gotacnbo* 

Ecuador: Rlbllotoea XadoimL Qultu, 

Emit: itlbllotbkkiiie KM-iUvIeiIfs Cairo, 

Chancery of Governor, IlclsingforiL 

Guatxuaia: Secretory of tin? Oofemmnt, Guatemala. 

llAMituufij r SeiiairtoniuLiMiltiii ftlr ills? Reich*- aud AuawHrtlgHi Angek^euiirtieD. 

Grofiaberxoglielie Ik if-DILI tot hek, Dflrmetndt. 

ITojidutia?: ^:retfly of tin? Govenimptit, Tn^idplpi, 

Jamaica : Colonial Secretary, Kingston, 

Urn hi a: DqiahiuGot of Slate. Monrovia, 

lauiiffrti Marquez: Gurermni'id library, Loiiroin^ Marquez. 

LUeeck : President of the Senate, 

Madras, Province of: CMef Secretary to tbo Government of Minima. PnbUe 
Department. Mud ms. 

Malta: Lieu leu nut Governor,, Valeria, 

Moytenotro : Hlnlrt&ro dee Affaire* tiftraiigftrfe^ Cetluju. 

Nov Basra vwiftK: LegtufritLve Library, Fredericton. 

NKwimmwni: Colonial Sect duty. St. jubnX 

NuuKiffO* : Siiperiutemtente de Arrliho* NndoTmlee, Mnimpm. 

N + o»rtiwm TiaiKiTORsi^: Govormneut Library, Reditu, 

Nova Scotu: Provincial Secret nry of Nora Seotla, Hji llfnx. 

Pa Kail a : E^retarln de Relndones Exteriotes* Panamas, 

PjumjCFAr: Ortdim General do lAmlsrackm, Asuncion* 

Paiacr. Edward Ihlasd: t/vl^ntlve Library, QuriottCtown. 

Ror mania : Academia Roma an, Ruehnrast 

SjAtUXHi; Mlnlsterlo do Rdn clones Eiteriorcs, Huti ttoWndar. 

Si a st: Department of Foreign Affairs. Bangkok. 

Emarra smiiMLVTs : Cdontol Secretary, Stosmpora 

UKfTrii PaovTKCTJi OF AiiJLi AND OuDii; TTuGnr Socrctaty to Goremiflect tis 
babud. J 

YtoKifa: BUrgermciirt^r dor Hnupt- und So^MaDje-staElL 
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TNTERPAliUAHKN'TAEY EXCHANGE OF OFFICIAL JOURNALS. 

A list of the countries which have entered into interparlismmnta tj 
exchange of official Journals with the United States is given below : 


Argentine Republic. 
AofifinlliL. 

ATtHtrfEL 

Btden. 

RoIgEtim. 

BrnalL 

IlneiLtm Aires, Province* of, 

Canada, 

Cuba. 

r*emnnrk. 

France. 

Greet Britain. 

Greece. 

Gun tenet [a, 

UODlItiniHL, 

Hungary. 


Italy* 

Ub&H4i, 

Hew South Wit lea 
New Zetland 
Portugal. 

Pmssln, 

Queensland. 

Bourn i min. 

Tlnp uulri 

Servian 

Spain. 

Switzerland. 

Transom I 

Union of South Africa. 
Urcguny. 

Western Australia* 


As will iic i noted* there nrp at present 32 countries with which the 
immediate exchange is conducted* no additions having been made 
during the your. 

LI8T OF BUREAUS OH AGENCIES THROUGH WHICH EXCHANGES ARE 

TRANSMITTED, 

The following is a list of the bureaus or agencies through which 
exdiimges me transmitted: 

A uami a + via Fiance. 

ApfiincAp via Portugal. 

Aoui jcriaAi ("trails.! r<n Protectors de Biailotoca.s Popalnreu, ItiH.-rtiniuista 
Buenos Air#*. 

Al^oia: K. 1C Efatistleeba Stotrai'KommlwloiL Yl rnma. 

Amoes, Ha Portagnl 

iU.rnirn; Service Balsa dea ficiutDge* Inte-riiniinnnu^ Rue dm taD^CbarJoui 
tG- Bros^eJs. 

Bolivia, : Oflchm Naetonal de Estadfstieu* La rax. 

Eiahtl: Senile da lVrniutuo&ofl Intemadonaosy Bl Ml other a NncJoimL Rio do 
Janeiro. 

Burn tin Colonies : Crown Agents for the Colon im r London, 1 
UFtiTi&ar OuTAa.i: Royal Agricttltaral and Cmamerdiil Society, Georgetown, 
UtfflDniw: Colon Kid Secretary, Belize, 

Rci gablv r last I rations Gcleutillam^ do S. M te Rol de Balearic. Sofia. 

Canabt IsLA^ns, rfn Spain. 

CmiA; Servlcio do Csujes IalertmcEoimlea. BibliutCiSL National, Santiago. 
CmsA: Amcrlcan-CblD*#? Publication Exchange Deportment* Sluing]mi Bu- 
™ l| t «f Fottdjm Affaire, Shanghai 

C«i.niiniA: OQuiiui do Cbnjefl latmmelonalra j Repario* Blhlloleeit Narlonitl t 
Bogota. 

I Ttilrf mettiMj U eiB[il<ijr M S far Cfltrtlptialrftllns wllh wv?m cif tin? Brill ill eoS<mJi!i with 
Which bo tecdJum ti aiMbLln lor fu nr a nJitii (McEu-Qge* tflrwt 
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Costa Rica: OfLrini do lN>jrislio j Oonje lulerajicloiMl <le PuMIcaelOdiw, San 
Jo*'. 

De?cm auk: Kougel!^ Daaiki Vlilen ska be rues SelBkub. CopcaMpm, 

Dim ii ftiruEA: SurUmnmMrke Kotunlal# BibUnKhpek r Paramaribo. 

EcTiinja: MjiiistiTiiu da 1 Idncknits Exterloroit* Quito. 

Ki;ypi: G-ivemmam PuMItfltJoun Oflk!*, Printing Deportment. Cairo, 

Fuajvce: Service Fpob^sIn des fiebattfea Intermit Umqn 3 fc 310 Tim? d& GreaeBe, 
Faria, 

teutsthX-x: Amerlki-InstSiuL Berlin* N. W. 7. 

linrAT Jtni Aijr a*u Iiiklaxd: Wesara, William Wesley & Key* £$ Essex Street* 
Strand, London. 

FrJtaod*: DlbJIoLhi^ne Natlonale, Ac bens. 

Gbj^xlasii. rfn Denmark. 
rrDAMdOL*i% Ha France. 

Guatemala : Tiiatltnto Nneioakt d# Va rones, ftitntwiuiln.. 

Gown** H<a Portugal. 

Haiti: Secretaire iT^tul ties Ti^ntloim Bxttrlenraa, Pori he: Prince. 

Hondcius: Elblloteea Naclonulg T^ptlplpa, 

TTi;so.\r:v: Dr. Julius Plkler, Municipal Oflie# of Statistics, Vftekntm SO, Bndn* 
peat. 

Icelaed, tfe) Detmmrk. 

India stun! nepartiiicnt, India Offlri\ London. 

Itai v : rffldo d#glt Scambl internal! anal I, Hlblloteoa NOElonule Ylttorio Kmcm- 
X&t% Rom#. 

Jamaica: Institute of Jamaica, Kingston. 

Japan: Imperial Library «.f Japan. Tokyo. 

Java. f Io Netherlands, 

Kbit: %: HIk Imperial Japanese Mojenty's Residency-General, Seoul 
Tjbuia: IIIi[Viiii of Elc-lmugesH, Lk'jttrRnen t of Monrovia, 

ijsriuLT^o Maehjukk : Government Library, Loiiren^o Mnmutz. 

I.mynFia, -rfa Germany. 

M nua Aae ail rffl France. 

Maw ia. Hfl Portugal. 

lIoMrlvt^niJ: MTnlstfrrf* (Jw Affaires fttrn nitres. -Pet In jo. 

MoiAuniom, Ha Portugal. 

NnrmLMsrrR:: Bumin ^rebtlllqQC Central N^erlandalH, Firbllotli^que de runb 
verattf. Leyden. 

New giti s ea , rid NethorLaudA 

New South Wales: Public Library of New ScMSlb Wales, Sydney. 

New Zealand: Dominion Museum* Wellington. 

Nicaragua: Mlul^tcrl(l etc rietnCluti&E Ester]ores. Managua, 

Norway: Kongedge Norsk# Erederiks UMvendtet BlblloibekeL Christiania 
Pax am a : Seeretnria do Reladans Rxttrlorea* Fannum. 

Paraguay: Mlnbrterio do Rtladone* Exterior**, Asuncion. 
r»A: Board of Foreign Mlwton* of tbe Presbyterian Ofanrak New York ciiv 
PFJtr: Ofld on d# Ik-parto. DMtolto y Can jo Iniemndonat do PtibRcficIcrcea, 
UlntnterJo do Foments, Limn. 

Portt-gai.; SorvSca d# Pi 1 nmun roes In temmrlonaeA, ElbtloOiei-a Nfldotial, TJ iboti 
QoxEXaLAxn: Bureau of Exchangea of luterantlcmul PtEbUjentlons, Cb|#f 
rsggry's Offlce T BrlHbnne 1 l>c " 

EoUMAXIa: ArHilemLa Romana, BuebaroiL 

Rilmria: Commission Basse dcs Rcbanges Inlernatluimus, BlblJotb^u# I 
jri^rfol# PnbWqne + SL Pelerabant m ‘ 

Salvador: ^Htxlaterlo de Rdadoooti Est^rlon^, San Stalvador, 
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Sovia: Section Administrative Hu MiiiSsrijn 1 des AfTalres Ermogt^rs.^ Rolgrisd^ 
Siam : Dejurtm^Qt of Fareljnt Affairs* Dnupkctk, 

South austiuma: Public Library of #\mih AuBtraUa, Adelaide* 

Si a ATS; BetrJdo del Cambio Inteniridonnl de PuMScaeloncs, Oncrpo Fjieultn- 
tlvo do AnthlTeroH, BUiliotecnrloH y a \njiiedl»j^OH, Madrid* 

Soma tea, via XVUterlandK 

Swojen: Konylljii STCrinka Tctisufcapa AJtAdemtati, Stockholm. 

Switzerland : Service des iHdUfcPfee# Intcnmllonaiix, BitiUotbft}iio Kfderalo 
Central*. Borne* 

Stria : Jtogml of Foreign Mission* pf the Pre?*yferktii CL li roll. "Sew York. 
Tasmaxu: Secretary (o flic Premier, Hobart. 

TRrrrmAP: Royal Victoria Initiate of Trinidad and ToMfco, Fort-of-Spain. 
Turns, ricj France 

To&Ktrr: Amprkuil Bean! of CoumilB&liuier* for IWIrh Hiasleii* Best oik. 
ITkion of Sooth Africa ■ Government Printing Works. Pretoria, TratisrvnaU 
Ukuouat : OdcJnn do Cun jo IutenmeEeiia.1, Mcalo video. 

Voouua: BlliUpteca Na clonal* CartiCris. 

VicrottBA: Public library of Victorln* Midboama 

Worm Arsriim: Public Library of Western Australia* Perth. 

WlKDWAEB APTU LeTWARD IB LA NDS I M]Hrkl DcpfirilUeilt of Agrk’UHore, Bridge¬ 
town, Barbados 

it is my sad duty to record here the death on June 25, I0l4 t of Dr. 
F. IT. True, the Assistant Secretary in charge of Library and Ex¬ 
changes Dr. True was in charge of the exchange a little over three 
years* having been appointed June 11* 1911. His official connection 
with the Institution, however, dates front 1881, During his in¬ 
cumbency Dr. True took special steps to increase the efficiency of the 
Exchange Service. Recently he addressed communications to the 
chiefs of the various foreign exchange bureaus and establishments 
acting as distributing agencies, requesting them to furnish him with 
certain statistical information regarding the exchanges earned on 
under their supervision for use in connection with the preparation 
of an article on the present condition of the International Exchange 
Service throughout the world which he had under way. 

Respectfully submitted. 

C, W« Shoemabler* 

Ghhf Clerk International Exchange Service* 
Dr* Charles D, Walcott, 

Secretary of the Siftilhxanietn Institution* 

August 5, 1014* 



Appendix 4. 

REPOET OK Till-: N ATIONAL ZOOLOGICAL PARK, 

Sm: I have the honor to submit herewith it import concerning the 
<>ja-rations of the National Zoological Park during the fiscal year 
ending June 30,1014, 

% 11112 »a»*7 Ciy[] act *PROved June -23,1913, Congress allotted 
$100,000 for improvement and maintenance. The cost of food for 
the animals during the year was $23,200, an increase of about $3,000; 
considerable repairs wore required to some of the older buildings, 
am] u large amount of duiuugi- on the grounds was done by :i heavy 
storm. The amount remaining available for improvement and ex¬ 
pansion therefore was proportionately reduced, 

ACCESSION'S. 

The most important accessions were a male hippopotamus, a pair 
of young Bengal tigers, a pair of young lions, a sable antelope, mid 
an American white crane. The animals mentioned in the last annual 
report as on their way from the Government Zoological (innlen at 
Giza, Egypt, arrived early in the present fiscal year. Among them 
were a pair of young African elephants and a pair of cheetahs. 
The total expended for the purchase and transportution of animals 
was $7,450. which includes $1,900 paid for bringing over the animals 

from Giza. 

Mammals and birds were horn and hatched in the park to the num¬ 
ber of 9,% including bears of four species, an otter, five mink, several 
monkeys, a llama, a chamois, an Arabian gazelle, various deer, two 
American white pelicans, and some oilier mammals and birds, 

EXCHANGES. 

lorn pu Ml t i vely few exchanges were ma do du ri ng the year. Amoun- 
unimab obtained by this means were u leopard, u Japanese bear a 
white-tailed gnu, several other mammals, and a few birds ami !m. 
snakes. ” 

GIFTS. 

Mias M. If. nrTEer. WnHhiaKTi.ui. D. C„ nn alligator. 

air. Walter Iirowa. Waxbiacmn, IX C„ a tin w), winged hawk. 

Dr. I t E. Buclcloitluuu, Wanhlagtoti, D. C„ a cuyotu. 

ta 


REPORT OF THE SECRETARY. 


77 


Mr*. Clinrlotte Hnflunl, WaoliJngrnn. D, C. P a redTronted parrcit 
Jim M. E. Huttar, WaHlilugloii, D, C.. a Belgian bam, 

Mr. Walter Caiupljell, Alexandria. Vn., a w^Mkhuok. 

Mrs* C. K Clark* Wntiftligtoap P. C. F a (Inch. 

Jtim Tliwuaa W. Coskerj, FteminfisburfSp Kj, r n bald pnpItL 
Mr*. lilsi M, Dalton, WdaWtietolL D. C*. u braid-wiikged liriwk. 

Ml»s EiLznbutb EcclefflaD, Forest Glen* U*h, a conupon ferret. 

LkMsL J. TI. ErersoB. United SfJitu* NftVT a mpcate RitooEiblll. 

Mr + W. 1 1 . Field* Wnfltilngfrm, B. Cm a HI In toonster* 

Cnpt. S. a Flmrnr, Glm. Ejijpt, an Arabian baboon. 

Sirs, KIhIh FrisKdl* WariiingtoD, D. C.. an American magfile. 

Mr* F. t\ 11aIt. Washington* D. Cm a nmacovj cluck. 

Mr* l lush CL Hair, Bluennmr, Yn» P n Cooper's hnnt, 

Mr* HnodJey, Washington. D. C,. a brown cnpurbUi, 

Mra. i I II. Htgbtp Washington, D. C., an alligator. 

Mias Barbara Ilubburtf, Washington* !>., t\ three ruimwtti rimurlmt 
Mr*. Uughea, JVii hLI ngl Q3J+ D. a goldfinch. 

Mr. C. El Hunt* Wj ii^ilngt mi, D. C.. a on n Him I nnil four dovea 
Mr*. Ldeher, PhilntlclplLUL Fa.* an alligator. 

M<ss Amite Cl Hnn t Alexandria, ?n, f el meet*®, 

Aixsk rnymuster SE.an.lry Mutiny 1 1 il 3 ti >S si des Navy. n pneo. 

.Miss Marin 1- lEcCantiaelc* W «nblng ton, L>, C. p a Cub;in parrot 
Mr. II It. McLean, Washington, It f\. a peafowl. 

Mr* MHta* Washington, D. C,. n common eoua ry. 

Mr. A. M NlebolK'D. Oriando, Fin., 12 young prater 
Mr. It. <1, mine, Washington* D. €U a hot^mrsWi make. 

Mr. IV. Rivstv Ironton. Vfl,, n bittern. 

Mr- iVeer Simon, Washington. O- C-* n bog-nosed annke. 

Mr. J. T. Sniout, Smout W* V:s. r n horned owl, 

Mr. Andreas Bata, Cap* Snn Antonio. Cuba, two white-headed doves, 
lion. William J + &teno, United States Semite, a raeeocm. 

Mr. F, A. Thsickery* Sficnton, Artt, n sfarttM lyn.t, two Gila monjrtor*,. nod n 
homed lizard. 

Mr, It. W. Wlieeler, Street, Mil,, & Mark pnake. 

IL-h. Woodrow Wilson, WasIiSn&tan. B, Cl ibrw opossum* 

Unknown donor. a pigeon hawk. 

LOSSES. 

The losses were distributed throughout the eoS lection, the more 
important Wing a linn. a cougar, a guanaeo. a gazelle* and an Ara¬ 
bian baboon which died from pneumonia; an Best African buffalo, 
n gnu, a mandrill, arid n Malay hear from tubereulGSlB; two lions, a 
tiger, it and an American bison from gnL4ritii5 and enteritis; 

a rhea, a sarus crane* a flamingo, and a great bustard from asper¬ 
gillosis; and several mammals and birds us the result of fighting and 
accidents. A number of birds were killed by predatory uni mats 
living at large in the park. 

Such of the dead animals as were uf value for study or for other 
museum purposes were transferred to the Notional Museum to tlie 
number of h% + Autopsies were made, n* usual, by the Pathological 
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Division of t lie Bureau of Animal Industry, Department of Agri¬ 
culture. 1 

ANIM US IK THE OOiLLBCZriOX JUNE 30* 2014, 

MAMMk T.U 


cAiii) 


I Cmrvpithr 


(vllilri- 

1 

ainllLJii tnqnfcpj -Murtn y . 2 

[‘i'lin ! turnkey ff''^'r'opilA^i , uf _ i 

Booty itijtnffjilrfij faJijf- 

H 01414 y _____ r l 

formal mmX*T (Ifa™™ sfa kb* 3 

U:ltui|I|- ElMnki'J I HWfkMr * rpnomrtS- 

&**) -- ' _ £ 

PlX-tlMet! Jonh, key [Jfdcaeu at me** 

___,_ _ fi 

lUioso* Eu-.[ikf> iirmwtfij r*f*wj_ ib 

Itruirn moeaqsL* 4 yurara* 3 

Japanese 1 firaroJiM fyicatuJO- :i 

Etrirk n.pe | ttkctv* n^cr) M „„ 1 

Clin ruin [Tapio 1 

Hamifl rva» ha bf>on <Papk*ojfm<Jr]Mn_ ft 

Mandrill (Tapia ^crimoni___I 

CPir spider Tunnk^y Llffki pi. i 

WUJlP throated eipiuctllll E^W h\i- 

___ 1 

UFOTrii JtiOntey fftf rttPUi J _ | 

DumJnill t Sjiclipilhrettk Hrinu^il_. 1 

MflBKHKriiri Jenin r vifracaa)__ t 

It Iu.j*-tilled JrJiicir iLtmmr caltnl- _ *± 

i ■drapll'n itiiIjIh 1 " HJffJaca rJiu ratli \). I 

Polar Itfjar (TAjJ-urcfcii trt«W*£mLM 1 _ 2 

Kurofiriin ferirntti twj*r ( r'nn# drrtop 1 __ 2 

Kd-ftrik k'lir ff'rMi. m iililrnrfQrfll ji M _ 1 

lAktrut E^HF 1 i'rrUM d aim _ _ i 

Alrr.kun Tirgifrn brnr tf.'rtM __ 3 

Kldikr’* 3^(wr (Hah JtUldrrti — ___ 2 

illmnlJi^an l^nr Il7n«i f Af&ffanvi | i 

la panose hear (Ckjiwr jf ii^oni'rn . I 

Urln3j bear » Vm* Aowfetfh | _ _ a 

BliT'it Itt-Jif i t~rru* g iWffco H H P I_ 

i’lnjinriLiiu i-’nf i’ Cr*u* niarrfceaiu 1_ 2 

STtutb iwfflF wrrfpwJij_ j 

Nlnkajou (f'rfpQlT'ptr* noHitlifli'vJ'iiiL L 

Caffljmktk (iJuMiarkify* u-aySu *_- _ _ I 

nraj caitimiinijj i .Vdtuq piu,-i--« i _ ft 

tlufr'tu-i CTracmw tutor) 10 

AnwlFna bodsTt iTeH<fra tsw *\ _ ft 

f>3FEDEO0H slcullk {tfrphUi* (IrNripJiE'l __ | 

ftn»rli-i i n ?nu,rtotj i If in airi/H^oha <. 4 

Klflhr-f (Mtttftftm I 

itttifc tTniaiiPW Pt« pH)-,_ 15 

i'. i fiifflon frrm t i + « lorfu t py f^Hn i»_ | 

U2n rk-faotoil MirrE (/ B y foH a j hi^nTfip - i l 
NVrili Amrrjeaci oLt^r i £ Hl.ra Mid 

dnuHbrl^_ -■ S 

ILakliuo ilog Utaafr fuatOiaria i _______ 13 

nimfu (l?crBifl 1 


Krny wolf fCapi* oc^^ntaliM} __ 

CWte ICant* Inirutfli___ _ 

WoodtiiJtiHp"! toyWr ieunfn fntftron __ 
WfNl Iok iKwJjirt 

S*’i£i tin t I'urprt rp itjj j___ 

A i k f ax, [ V rj fj>r.4 J<r^,p HAi _, _ 

I'fcrij Fijx I Urt*cy*M i Jn^i'r.,-,jf-p'fji| P , -ij B , ^ 
Bportfd hyniti |‘ rfwTrE.i > rn^ii|rj> _ 

AfrknEi LMEm p3v-pE frii'rrrn rirrffiji. 

Cnati tjjiisn wwr.t (Ocnalto yrmlfrij__ 

€hi+taEt i ''■rri.iitfurtii ^ybq£u#,_ 

K«ilan Uea i j 

KllUnanJflfo IJnia iFrlU h i, prihg^tf t\ § it) 

Tlfi^r (Tflti !4-rfJM_, a __ " 

linear iFeJisi orrpnncnwlw 

Japiar | Felip _ 

^anl (Aklip purdfuj..____ 

itiark riM-Jinifil (Frit* aardyii ___ " 

t.ktniiiB lycix {bun* 

Bay lyni \Lynm m/u«i____ 

i^fi*iEffi^l lym U.fitLr ry/iifl tr'-prnn*!__ 

UnrliJn \ jus i L\jr** FU|m /fr.ii^efrtftisj ? 

Bt*lTcr*a **n !3ois (TutwrfdfKfljp irrOrK^ 
Cmhhumin lion r Zariba w **Ufdm£ 

saw ^ __ ___^ 

^EEnUera fur Hal f Cajfetojla rrlwn»aal m 

UirLor g^nl \Phacu 

Pm sqiilrffl | i^Hupy j nirttf\ _ ‘ 

TT«tera fox aanlrrel imvru* rj.’inn. 

ri’diurn_______ 

tir&3f fl^airril {SciMraw aartflivfHrti ) 

Minimi ‘i&cdWji.ii 

Al^lFLn Sfintrrel (^imi mrarrrtrisH- i 
Pulffa doc Wjpmin Iyd4irJ.-'kan#i__ 
Alh-ln-i wiMdknyk mtin^xi 

AlpLne wntmni lAreiamu* mar matt#) 
Amarlisan iKjarer tCa*i*r 
11 cilia-eobpn iCtfiramy* __ 

[ hil I an pom r«3 n a ^ Hit* t f BJ- kb runa y 

p^rryplni- l line timatu*) 
Cn ilaiIo por.MitiliiP fErriatrr/a dor^t v / { 
albino___ _ __ 

Mexican brooII i thi* V prr.rfa ntri^gi 
AKnra'fl UftH.il <Al^j*™*** n^nry. 
Crtalod Klfnutl i &a*vpnn5ta crkru^I 
Hal rj-ruin pinl n R ou\i pram- 

nalnpkm* _ _ _ _ 

Pic* | < r tf ir-jjra ir* |Hrr.i V, . 

OulWM jil^ {Vari* culitri) ___Z^ 
Pqka^naNa rtey ihaflrh^iit """ 
aiorl . u _^ 


pcifa^^ 
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Cnpylnra ^npp^m} 

n*™t\c nbui itrpmt vmicminyj^ ^ 

1 Tt:^ mn*LMj nf dfUtb rrpottod to as foil^H ■. ^oti-rJin, 2ft; ftnrtf-UU ** + 
mntertlls, 2t pnrurouala, lft: plryfopncruinTmla,, 1; nunsenllon .if Jtmi£i -*■ „.,’ T C *’ tn, “ 
1 11 7 qfipr^ytuiEa, 4; t^pE|c^aiL-i P 2 3 r:>nc4-Bllnii «/ ||vrr P 1 : rupinj^ n f >, C ajI P . nzn|lc *l*t 
nf untl blicliliw ami duttSp, 3 ; Inpai-Tluo nf atnmiieb srtlh -«it^ieir**i p j - t1tE) . n ' ‘ 3LU eiirU^n 

n.fiJub^Hvlll-l. I ; rtltiruft. 1: Cxm^n Latl I .Hi. 1; -LOrttiH rjijr |r> rJ 4 i lif,. .j . ' . ’ P^OIlmt 
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A nitndU in the etflt c/fon Jum 3d t /^/+—CmdMftiL 


ILUfUALS—Coatl* nwL 


i‘tipr' byrni (IVardcf® ospcjuii)_ 2 

UrkflB flfl^wot a*ttoffA} — w a 

Bnijlati, *trp(uitit iFIfphti* Mn/fmuit.. j 
nfUlillJin tnptr (foplm cl rig* I _ -I 

(JreTy'fl xabrA i J?0 Huj prrrj^^_ 2 

Zebra horae bplirtf (£T*nnf!r art- cpf-m- 

hfll/w*)__ _ x 

^ bm-dttUtrr hybrid > I7iyui,'f prer-v^ 

□jfnm)_____ ', _ _ | 

ftratit'fc ii'lirt (Avut &n r?heHi prnniit^. E 
ColUr^d peccary (/Hea4W<+ wJiuirifffvi) 0 

^I'|]i3 b^of (fuj ___ i 

Ndrtlipni wart i PftdcwA«™ d/rf- 

ea mt») __. ____ 2 

m^popatAiniEA I fftojpo-jraJ (]»«■* am- 

flhibiur i___ _ _ 2 

-r'pUjiaaHi rfjumei ft aajidtA** p J~L __ 2 

Llama. *, >1 jfFswffl____ 7 

Alpitii flrona ____ 3 

VErtipna i/^iHirt rfru pio>_ £ 

BitHMail Pfflmnl (rtfmrE M f kq-’Effdftjri-k. 2 

A nubias, famf t r f taHtffut drvmtdariw f . 3 

Similar tf«r tCcrnta tirCifcffHc 1_„ 3 

rhlllppLne diw i ffftnj pElE^ppitt ir*k 1 

U«B dn?r iCcrraM porcin***) _ ~ 

BarutDptm ilr^r gCrrrur dur* wotitt I _ VJ 

Aili dew f(7imn frxfih__ H 

JqpaneM dr*r (Ccrriii ___ ID 

It^lS lll'Tf (ftTFUf t 

AmtrirqEi *lk 1 CYn» M j mndrfr-n $U >__ fi 

K'allaw dwr jtr/firE daiorpA^-_4 

Vlrglnli d«-r i ftilvmilrv* t-frpam ■ 1 ll 

SI □ If ilfrf JiCm fonvi i__ 1 

Out cifnliEn n bEaet-laJlpil dur-or UldetfDf^nff 

N^vmbfMnuil _ ._ _ _ | 

rubao dc*r (OAKtttfnj .ijs r 5 __ j 


PmaiMi^m antelcrpe {AntU&anpris. 

tfmfrtatJAdl_ _ _ 

COkFa hart*tom < ifyball# mkrt) _ 

BEt^abtik fjQnaHMPHi afftf/ronji_ 

Whil^tiUid gnu {/bu i„„ 

IWaafla WaE^r buck iCubui rfc/*.rjui;}_ 
iDitlab Antaluiw cm iftiprwl . 

Itorma aucJIfl {Gnztlio (Tcrrt-tjjJ__ 

Aftblitia ffaiiftOs tOrnsvlti i dj-uLCcAi_ 

HflhU* i UfjfjjAJj-iaj/Ei.1 itiT^fir>_ w _ 

Nilgai IH^rTdpAn•* trnttmtomtluM} 
Cook* bussed noEi^Ertpi* | 

fftnimt | _ _ _ r „__ M 

OkISwEi i Hupfdtpnt trnlrju* I _, „ m _ _ 

Talir iilcmiti fiil uw jpmleriM-n* t _ 

FareiBiOD putt impra ftij-emu. ___LL 

AftRvra mt CTapra __ 

rircoMbin gHt rr fl pm Aifrii i_ 

Barbarjr abiM-p (Ori* ir*fttlaphu* U-. , 
Bartia^lcrt xbfi'ji iOri# gr^rr^r 

lapAMt E —______ 

A aha < .1 wtid l^iurfnntif^_ 

Zi‘bci (Jfilkl-J Caif^NI k _ '' _ 

Yak; (P^pfeapvi jTTMRttfitnji) ___ 

AnaerEean blsivft Ulisvfi dJwrrtruH | „ 
llafcrj armiullito 4/)dJ-jrpuj rfflarajp., 
WitJar&ft i l#d^raj)u« ro bunEB,»J i 
Htd tail STS TOO 1 rJ/HJrrT^rm Pa/M*i 
H«1 ■ Uffki'd wiDflbj (JfdAMtf njf> 

E________ 

YlrpEnlq r flfifrJpAj/f urnr iu 

pldlifl)_______ 

Yirptnia opocaum f^rdfipAyj marta* 

pto Eli ji alblna____, _ 

rodman wdtahat ( rhatnrlumy* 

^rfi> _i- _^___ 


BE ElJ iS. 


I'nttilnl * Dumrlfltn nir(jEinfg#i*f^„„ 2 

ilrdvn Ehnubvr ( Tntnst rjrcii ri/a m i 1 

Japentaa ntda |£4olAHg I 

UtVMhinK thru Jib iOfirralfljf kur-ala- 

pAm i) —__ » 

1 'I.Hbuji flncti {Tajtfffjris cT^i-fcopui p__ -i 

Out Ibnmf Dach ulmadJna fl 

fiiifii i.lfflarJ'Ertd A 

RJaffe-htadftl ElQrh ^JTwtkf at/ta 
pJIfd] - B 

Ybrac^lomJ finch fvunrci n>uluc«)— d 

lYbltc-Vfradcd ftmrh E^aaio iwa/oE____ U 

Nuttaits Elnrii (.IficnEfl fMgfulirtfll_K 

iam cparnpif . Vaaia arptfi vm\ __ 1U 

lYhifp Jara up&ttnto iJIunfia or^i- 

T'orU)_ iri .__IS 

Siiarp‘-taitcd Elnrti iP^hffd *<■*- 

_ j 

SISvr-r bJJI Jlaeti cdHfrina*)- 4 

I'btllttut ■ tiPraitrf finch i IJuidruisi 

eaatwHPaiterms} ____ 13 

Xap^lrab w«i Ttr EPpr^iarra-nd a/firE M 4 

Miid.npn.Kmr wearer {to 

Mrl nt*Ai>.___ ^ 

w^Ter E^urira $t£t _ fi 


WbjrdaEi w^rrr E I'fdaq purodi4rm>„. 
Ui.E-rrrwitd «LrdJ(m.| {ParodHa rmT#l- 

la E d i . ____ ____ 

ftcw^rciifftcd ffrertitjcik {Zamtlodia la- 
lE&rfcCdllfll , . ___ __ 

Cnmm/m rtrdLnui eardf. 

itd^lip __ _ ____ 

SlflUn l-S'ptnui gplawjji^., t ___ 

barton fiaeli fTnveola) __ 

Y*Bow-hamj»fr E^Mbrrira _ 

OmnHin canarj iAYnn-Mi cdrutrlg* j __ 

l.laaH i/jlaala rtiattD&Eaa>__ _ 

rqwblrd | Mal-gEArirji alrr> _ _ 

Mi-attaw larfe tflirnrfii irmcraa i 
Oldrtr Btarllnif <LMpfVi4ni(i cUu- 

rfa rail f ^ _ t _ 

MaTabar mynib ^i#EiM|Np fl r muPu^nri 

_________ 

Enrnprab ra vjph i fr^rc a j mmx 1 _ ^ 
AltH’dcan rareb ICoryi ^hy gfnNd- 

^*t>-—■■■ — ., %____ 

Cum man araw tCflrrai hrsithyrhitn- 

ch pj I _____ ______ 

(IriT-n jay 1 lufltAr/urn _ 

WbJtr-sbFMted Jnj tUvrrutii* IrurgElii. 
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A n i m atit £ri I Ac c&Zfccf tort Jt inr 39, 191 £—ContitlEftL 

TlSHI^-rcmrlniM-t 


Blue Juy UjywNJiitfffa trf<fdfflj__„- 

Araf-rlc n n mum k [ Fku /Koo 3 * 

PtiJ-MJIed msiqilu (LVockra ncelpb 

Piping crew i /?vtn«ic?rli£pH( JflrfCcTU — 

Giant Llnjiilaher ilJtfeeio ___ 

Sal^hETNtHtfM] (CfFr-nifuii: ptf- 

kHfdi ...____ 

Wbltr rOn.-kq.iiM tCpfQtUii |___ 

I.rUsltrUirr’i cockntoo iCacutva Jrnd- 

fcfolfH} ^___™, 

tSare-pyeil iV>itaEm [OrctaEuii yjyiw- 

tUfJtiM | . *___* ___ _ 

Hwent' cock n i -VJ iCacaran rniickd- 

pflAi i------ 

iJoekalcrl i nor 

JiisnrfifFl___ 

Yellow nbd blue oucmw (.Ira ana- 

lied ud ft;) loir (ini3 lil lift raartaw I'.irj. 

mvrtftt J- „ __, 

lied ami tdm ipat-jLw i i rsi vhUir&ptZrti . 

Great, green hiacjitw \A ro mMUurift)_ 

SI^SiniB *-- nuri'- { Cn-fi IIF IK u A-j Utrh ".vetf * i _ 

G 4 U T bhBH -1 IN] pu rrnkiT L ( if ^ujjj ilftf Cu* 

CtilHh < .maun inn JeucmpAotolw 

On_Ei£t> v la|<.d g&UXtti |A«£4U*v*0 

i] mi]aciiE«® 3 _— -__ . . 

tTcffllrr qttiftitflh ulMia^dsa ftUivay - 

Perth Hi mu HHWkals [4na«H Hf» 

VclEom’-sIlOLI lilwcd aPMUri rs I f mu-OHO 

oHkfojp fora j____ 

YctSvW^irsnE^ amaxan Mtn^fla 

1. ■ • ] 

fEed-fronlMl Junr^EL LiitLg;ojia rAatfo- 
&ry fJdti j_____ 

JlIEJUfiO t _1 frrU JOrtrj fcs 

rtiilfdii Jl).. — - - — . . ._... ___ 

!i I Lu*-fmated nraaten * AmurinM 

ffiflnt)_____ 

Lniarf VqaJt patent < JiLprii) — 

B en i|r4 [larmkf+'t i pjrtourwfj jfu 3Ci« f g.) _ 
Aleinmlrliae {flffnkHt i PaJtfdrwtr slej- 

dNdri>__ l _____ z ___ 

Lora lilNE i;.-ifn^Mjj-ntJ priltarta)_„- 

Grech pambf-rE i {.witulut *p~* 

Shell [WxrnkMt f If do jm i(k r*i urn 

*|a U run j __, ^ — 

Great homH &wl i Ita^ i:k c-Jr^Jqiqrtu«J _ 
Art'tlc horned fl%vl Hrukiajiiw^ 

jrnCiqri-flrutl _ ---■-■- _- 

owl i, ri r dalo i____ 

Onrnd owl Ulrti rmrbuji _ 

iUm oael tA$mm —- 

rtEiarrawr Ewirit (FuTi'v *;nFrrrrfiuj__- 

ltd Id MLffta i kllrVMVjlAnJWl } - 

iltilEkQ bald raHe i JlafrirrliMf Iruronx- 

phut#* ulufHtiUif---- 1 

nrjjilGD vapl r i fl/'fo*)— 

11 AW tThrwffl** 
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irhllLnn BBj^k I RrrtrMrtAi’ E u t nir-, 1 i:nj>- 

3 _ ^________ 

Crowned hawk ragle cFptgtkm ronj*- 

ifitai________ 

El rwi il ■ vr Enu'^S UnWk. i ltd f I'n pk Ijjjii 

f rriH l —_ ...____ 

hnwk i UuU.o is^rlhJTunf i_ 

YenciaeJaD hawk__ T ... . , . 

^nrttcara (pa^r n .rUi r?jrntr.JLi i __ 

IjBCUHIrr S ryrf (G yjinf lii.i fi -ir ft,: t u n i_ 

Sou Eh ArnerSmn eontlor i^'arrm flsra- 

phui prpp Pj wm | _ ______ 

fallfortaLa rondor i Gu r?irij,. t&Hfor- 

n En n h* } _ __^r___ 

Griffon vulture PfJpjj* fvirmrj^—„ __ 

^febereaiui vuliurif iVuttur MaNqrHiu}- 
I^yp-riah TUUurv [Ynphroi |irrroop 
krtj j>_ ,___ 

Turkey Ttllfnrw (CaEAnrlrt nwm)_ 

n I uric vnt l u rr (Cnf JioHi i a o^u bi i_ r 

KEwb 1 *^1!axe {OppupuA p^p\ t _ _^ 

RodbineHl pi^eoji ^ Cfnl’a* bn fiavfrr^- 
trb} ______ 


WMft-L-I'OWHi.'d pli;-orj {f: d oJirm{h,i if ucu 
«P*|0|5I } ____,_ - _ 

Bund dal led pigeon i Coin u bn , 

Mon ml op dore i^ciuairJeru mumjutiti. 
I^acefut dove (tiroptjfai irttaquilfa). 
Collared turtle dnTo HFurEur 

i'apr tuaHked flOVio ifEmi rvpcnJ^ >_I 

NSeohkf pSKrOtt ir. T rrlVrndi Bid-r.i4.rjntcu *_ 
Harml rurnww i i v,tj- ^Hriali- i.i j .._ 
WS3d tdfkcT (lfefrii.jrrti ynUeptu-n tii- 

r#flr4#i ___ __ 

Peafowl (Pace oriefalu^__ 

JnniEle fowl I^qFJojp Bcqtua^_ 

HncESsh pbeahaat iPftajiony,. r nk?d« 

nii) M _ p _ _ 

Hun.!peat 4WLE1 lCoIut^ujf unUt~ 

Ma«na ^Wll KVrtOftyf tmnttfUma 7 
huckrd KttltlnuJo (J^r^hirrio Wf Ea- 
___„__:_ 

American coot ^Fiflrm aiqrWtiim'o 
nij;htJeaa rult 4GcsHsTnfKHm aiu|mll«> 

G M E: tatn nl ! ij ff| |rjr>/rJ I_. _ . 

roMinnn Curiama (Corlaitidj erip^iui 
EkstnUrlk' enine f Amthi b|ki Ur- vi i" 
Cmwticd nr ratio i Pulcorlra par^n iuRtl 
WbooplnET crane ifirun unerii unui 
Sandhill crane i^riu n-,cji <4|JtrJ ,, 
Auitratlau erftue Cf/ryi u(W,,jr !Z *w‘' 
Karopenn rmiir. |fi?riL ? dri i f n .__ 

ladlfih white era Be M?ruj Wmsuttm 

rtaal -________ 

fldCT i pujagjrp _ /" »" 




nwtkvtms r.drdur:|__, ' V ‘ C,rnJ ' 
Sn:,B T erret i^cllo 
Grefli White Hmn [Itmditfi ,.,r,. ffll " 
a™, m* b-» B i -ir.ifa * W C 

hrron 

(Cmmuiui wcAPcfl-jrlrj 
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Aulttuili (n tJw rolIcvtion Jur^ M r l$t$ —CfuitlntK-cl 
RIRD«—Cofittaud. 


Black altirk (f/frajiln _ 1 

Marabou a1111If ivbliMl n . i 

Wflod lit* i iTyrttria uwirpfrtiau j_ _ 2 

SatriHi] 114a- [Jtifi | “ 

Wfclt* lilt* {atm flKrfij_-_ IS 

IDftjk-aTP ■tHianhlil ir a/ajri)__ 2 

KtimjlWIti l1.lt1]lflR!.K rPi^J-JlIrXkflfr-rirl jpfj- 

imi 1 ___ - -__ 5 

WM hi Line bwhd i Cl tor rc4wifl.frtsiiiHitp___ IS 

Mule swan i CfjfltaM $ [kbua1_7 

Blm‘k *wan, dlmfe? 1 

Muittavj 4isrk i™*i£Jtefri |_ 2 

Wb|rr ttuscorj riork f CfllrfRn phoj- 

W&cul^rJ h\£ tM^aek [tot n rffthry pna 

qjTNflfup ___ _ u 

FuEtuuii trco-ctdck L fJfufnwyiroo bl- 

eaiat} _ £ 

Brant | flnjtEct Eirrafr-ru tartOn/d* ErtS ) _ I 

Canada ci-uatr EiTfcii to 7 

II BtdiJ fu*'^ £KMfi i {Irani# raPiutfraiFi 

_____ ________ 3 

*H"V IMM (ClNi-rt Ji^rfrfrbtjnnf*! 1 

t'jfi'afi’r 'm&W fMAe <(Am Ajypft-&dri-(jj« 

ft JruJifi k _,___ 1 

AELierirun trhltC' -fronted |.lnw 

■»rf6E/rc;jij 0Gui$flf) _._1 

CMueftr (XSMtT j3 

BtilUt duck (JlqriJff iHfrltol _- fi 

duck {J/rjnLTa ttnj rrictiiu) i*_ 2 

VV^.n.4 diifk Ufcjr r B 


MnadjirEn duck inrlrrJ 

nrlsfa) ___ . f 

I'inlnll ( Bujil-ii dr~u jc i...., _ 4 

Sho-rsltr duck i t f i tin .-Ij/fit«i m i __ _ s 
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Th« nmiilK-r of uniimils 011 h&ml at the close of this yenr trim nhout 
100 less tli (111 the previous year. This decrease occur red mainly in 
struill birds, conditions in the temporary bird house being so unsatis¬ 
factory that it seemed advisable to reduce somewhat that pan of the 
collection. Tlic floor of the bird house bud to be renewed and the 
underpinning replaced and made rut proof. 

Fewer reptiles, also, were on hand, as u part of the space pre¬ 
viously used for them in the lion house was required for the new 
hippopotamus. 

nsnoBft 

The numlier of visiturs to the park during the year, as determined 
liy coilnt and estimate, was 733,277, u daily average of 2,OOih This 
was about 100,000 more than during the previous fiscal year. The 
largest number in any one mouth was 142.401, in April, *l!)i t. The 
largest number during one day w as 56,981, on April 13 (Enster 
Monday). Vehicles were excluded front 10 n. m, to » p. m . of that 
day In’cinnse of the crowded condition of the roads. 

Seventy-nine schools, classes, etc., visited the park, with a total of 
3.172 individuals. 

i si rnov I5MENTS. 

The amount remaining from the appropriation, after provi din g 
for maintenance and the acquisition of animals already mentioned 
was used for such minor improvements as were most urgently needed 
The fitting up of tile old elephant hum as temporary quarters f, J( 
the pair of African elephants was completed, and a good-febed vard 
built in roimection with it, in Hosed by a strong steel fence The 
yard includes a bathing pool. The adjoining inclosnre and 
for tapirs were completed mid put in use early in the vear. 

New hippopotamus quarters were arranged in the Hon .. 
bv enlarging the cage formerly occupied by elephant seals. This 
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wus already provided with a tank of sufficient size, and, by extending 
the exterior wall, ample floor space was secured. The female hippo 
pi damns, which hud outgrown her temporary quarters, was trans¬ 
ferred to the new and much larger cage, and the cage vacated was 
used for a young male that had been obtained at on unusually favor¬ 
able price. Both animals have access to the outdoor yard and the 
large pool which it contains. A new indrjeure and shelter house 
for Arabian camels were built near the sheep and deer inclosures 
amt two new yards Here added to the series for wolves and foxes. 

A yard 40 by 50 fleet, with 10 breeding pens inclosed in it, was 
built to provide for the breeding and study of mink in cooperation 
ivith the UQp&xtmmt «F Agriculture. 

During several years predatory animate living id large in the 
park had at times forced their way into the Jiving cage and caused 
considerable loss among the birds. In order to prevent this the 
guardrail about the cage was rebuilt, using between the posts a wire 
netting with small mesh and at the top a sheet-iron hood. This has 
proved to lie effective against both rate and larger vermin. 

A small temporary toilet for men was built near the entrance from 
Adams Mill Hoad. 


A Lot-water lusting plant was installed in the office building, 
wluoh had up to fl irt time been heated, rather unsatisfactorily, with 
stoves. At the same time new floors were laid on the main floor nf 
the office and some other much-needed repairs made. In order t.. 
provide for more convenient and economical use of the machines in 
the workshop, two additional electric motors were installed there. 

The drinking fountains with attached cups were removed and seven 
“bubble* fountains set in their places. Several of these are fitted 
with faucets for the accommodation of visitors who bring cups or 
desire tit ubtdn wnkf for picnic purposes* 

Two tennis courts were constructed in the lower end of the park 
where there is level ground that is not as yet available for other 
purposes. 

The cost tif these improvementa wus as follows; 


Fitting lip old okplmM bum nod tiuJldJntf ford _ 

CompErtlng yard Ltnd pool for tnp]rB__ T „_ 

Nnv lilripoLH>t ji nk^i h quartern_______ 
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CotLfiidcroble repairs had to lie made to some of the build in *5 am! 
imdosures, including new roof corering on part of the lion houye not] 
the rebuilding of the fence around the elk p&ddock, and u portion of 
the retaining wall above the beer yards on the eastern side of the park 
was rebuilt where it had been undermined by the weathering of the 
rock below. 

A severe storm on July W, destroyed a numlwr of large trees 
and earned serious damage throughout the park. The cost of remov¬ 
ing the debris and restoring the park to its normal condition was 
about $1,500. 

nniDCE, 


The construction of the rough stone or bowlder bridge T] jhtoss 
I ldck Crcek T which was mentioned in the last annual report, pro¬ 
ceeded in a satisfactory manner* The contract for the excavation 
and masonry work was secured by the lowest bidder, the Watten F* 
Brmizer Co + Tim plans and specifications were prepared by David 
E. McComb, engineer of bridges. District of Columbia, and it was 
thought best that the supervising engineer and the inspector of the 
work should be persons recommended by him. Mr. W. A- Draper 
was accordingly employed us engineer and Mr. William Champion m 
inspector. Xo obstacles of any importance were met with during 
the progress of the work, though it was found that the excavation 
required for the piers was somewhat greater than had been antici¬ 
pated. The bridge wos opened for travel on XovcmW 1. l'M\L As 
there was a heavy fill of earth over the stone masonry, it was neces¬ 
sary to defer the construction of the macadam surface and concrete 
sidewalk until spring. This also was satisfactorily completed d urine: 
June, 1014. 

The following ia a statement of the expenditures from the appro¬ 
priation of $20,1)00: 


Expenditure* prior to July 1. ISIS (nil oiitehSo af eonimrt far 

Uoo fiinl ___ _ 

Tornl [layniAiifii umhvr contracts____ ___ 

TCxpemlUtirw during Ibis (taeal (uutaldc of contract) ___ 


excavn- 


n.TTii 
Mu 
r>, i m 


17 r <4S 

Since the close of the fiscal year expenditures and liabilities have 
been incurred. amounting to $335, for restoring and perfectin'’ it ,■ 
approaches f" the bridge. The total expenditun’s to ditto are itu<™ 
fore 5HSJSS, 


ALTERATION" OF THE WEST BO ("X (WRY OF Til E p, v!:k 

The sundry civil act for the fiscal year endin'' .June Sf) ion 
tidied the following item: : ctil1 * 

Ueadfuctiomt >,T botindfirton: Fur nwinirinc. bj windEnmatton. „ M th* i 
plectf. «r lercol* of luiuL. otta* that lie one lierclnafier eseoptoi £tH 






S*T„(htfeni**i Rt/If I", 1£!4 — 5f£h>lHi) , i Rvpoit. PLATE 4. 



Mtw Bfiike AcftotS BOCK Ch£Ck f N atonal ^ooloqkjal Park. 
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between tln> lament wmtem I* military of Uk* Mtulauul JEixiluKk-ttl Yurt and 
CoimecUcat Avenue frnm CntLwlntl inutile to KEIorIu ItojuL. flOTAtm, nr mirji 
parttou thmnif as ninj- he n<?c*i«ut7, mtsl land when acquired, lognUicr with the 
itu-huli-d hJtfijuvflyj!, to be added to nod Iwomo n port of the Mai (until Zoological 
Park. The Stirs for Ois nadmnatlnn or will bind Nluill liu Instil atnl by 

the Secretary of tins Treasury under tioil 3n accordance- wtib thu torrnif ami 
Iirovihl.pu.x of siiMioj tvr 1 of chapter is of the Code of Law foe the l district of 
Gainful] la. 

Under the sanction given by this net the attention of the Secre¬ 
tary of the Treasury was immediately called to the matter. A great 
delay has occurred, ft is understood that a new survey of the prop¬ 
erty involved was necessary, that the searching of titles to the vari¬ 
ous parcels of land consumed considerable time. The case is now 
before the Supreme Court of the District of Columbia awaiting the 
award of a jury. In the meantime the principal property owner 
has endeavored to enhance the value of the land by grading and 
otherwise improving it- The total amount to be purchased is abuut 
lOf acres, 

HOCSv CREEK MAIN INTERCEI’TGIl, 

The District of Columbia having obtained from Congress author¬ 
ity to construct a large sewer, called the “ Bock Creek main iater- 
co]>tor,” extending from I 1 Street northwest to the Military Hoad, 
District of Columbia, begun work upon it within the limits of the 
ptuk on June 1, 1913. The project involves both an open-cut sewer 
and a tunnel, about 2,000 feet in length, extending from a short dis¬ 
tance below the new bridge to the Kl ingle Road. This construction 
necessarily produces a oomadei-ahk disturbance of the surface and 
defacement of the natural features of the park. This is particularly 
the cm at either end of the tunnel, where thousands of \ a rds of 
excavated material have been dumped. It is hoped that the District 
officials will la- able to remedy this in some measure when the work 
shall be- completed. This is expected about September 5, 1014, 

MEW APPROACH TO THE PARK. 

By tin act of Congress approved March 2, 1011. there was author¬ 
ized u new approach to the park from Sixteenth Street and Colum¬ 
bia Road to whut has I wren known as the Quarry Rond entrance. 
This bus now been completed by the District with a line macadam 
roadway, and offers u most convenient and attractive route for reach¬ 
ing the park from tile city. The Quarry Road, which had a very 
steep and dangerous gradient, has been abolished as a mean.- of 
access. 

IMl'uHTANT NEKIiS. 

.J ewry,—Attention has been called for several years past to the 
importance of erecting a suitable house for the cure and preserve- 
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lion of tin* turds of tin* collection, most of which arc now housed in a 
low, wooden, temporary structure which is by no means suitable for 
the purpose and tins to be constantly renew eft by repairs. The mut¬ 
ter Inis been repeatedly urged upon Congress and an appropriation 
of §80,000 iisked for a new structure* This is hy no means an ex¬ 
tra vugaut sum, tvs the aviaries of most Zoological collections cost con¬ 
siderably more than this. 

HtfiUc Aow#tv—'The park has never had an adequate exhibition of 
the interesting and varied domain of reptiles. A few all [gators, some 
Galapagos tortoises, lxms, anacondas. and a few native species are 
kept in the lion house in quarters which are entirely unsuitable for 
their proper exhibition and comfort, Tt is thought that a proper 
reptile house, where the specimens could be kept in approximately 
natural renditions, could be built for alvout §>><),0(K), 

Pachyderm house *—There tv re now in the collection a considerable 
number of puehydermata or thick-skinned animals, including nn 
Indian elephant, two African elephants, two hippopotami, ami four 
tapirs. These ail require special treatment in the way of bail ting 
pools, strong walls, etc. These tin muds tire at present nearly all 
housed in quarters that are too small and weak, Some of them arc 
young and rapidly growing and it will soon be u difficult matter to 
confine them. It is also likely that other species will lx> Lidded to 
those now nn hand. To properly exhibit am] care for them a new 
bouse should he built. It Is thought that this call be done at a rest 
of £ 100.1 UK), which is much less than similar structures have cost in 
other cities, 

Umptint am} laboratory .—The park has not at the present time 
any menus for properly isolating and raring for the animals that 
Tjiity lie injured or ailing. Sick animals are ordinarily exposed to 
the gaze of the public, to the detriment of the animals nnd the reputa¬ 
tion nf the park. Quiet and repose are as necessary to animals as 
to man, and that can not be assured under the present conditions. 

Besides this, which seems required merely fmm humanitarian 
reasons, consideration should be given to certain scientific aspects of 
the matter. The diseases and parasites of animals are hut im- 
perfectly understood, and Investigations of them are Important, both 
directly nnd for their analogy with those of man and their possiLlc 
transmission to the human race. Thu animals received at the park 
have usually been kept in insanitary quartern and frequently brim- 
in the germs of disease which they transmit to others. If a Eir jct 
quarantine for a suitable time could be established, this danger could 
be avoided in n great measure and the death rate reduced, further 
than this there is now no adequate utilization of the) animals for 
scientific ^urputaa*. 
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In other i'o«ntrie& the must significant scion Li fie function of col¬ 
lections of living animats has been the advancement of our knowl¬ 
edge with regard to the structure, habits. End activities of animals. 
Most of the know ledge which has lieen acquired with regard to the 
structure of animals has been gained from zoological collections of 
precisely similar character to those which we have m the National 
Zoological Park. 

I may note, for example, that in the Jardin des Plantes, at Paris, 
investigations have been carried on since tin- middle of the eighteenth 
century by men vrho are among the most fan mi is scientists that have 
ever lived. I will mention, among others, Duverney, Danbenton, 
Button, Cuvier, CieofTruy Saint' Hilaire, and Milne-Ed waids. In the 
Slime way great names lire associated with the Zoological Society of 
London. I may mention in this connection the names of Owen, 
Flower, Huxley, Sclater, and the present prosector, Heddurd. The 
garden at Berlin has been noted fur the work of Hartmann, and in 
the garden at Amsterdam Furbrmgnr hrouglit to a conclusion his 
monumental work upon the structure of birds. I mention a few 
names among many. It would lie easy to extend the list very con- 
sultunblv. 

In order to property utilize the material that comes to the park 
from the death of the animals, it would lie necessary to establish an 
a until lineal and pathological laboratory. This would, of course, in¬ 
volve n considerable expenditure, hut I am of the opinion that it 
would be a wise thing for the Smithsonian Institution to consider the 
question ami to arrange to have the park advance along that line of 
growth. A proper structure for the purposes aimve mentioned suit¬ 
ably fitted with the necessary simple apparatus would probably cast 
$15,000. 

Luiirh und rest house .—The visiting public is by no means projierly 
served at present in the park, which is rather remote from restaurants 
or other places where footl ran lie obtained, yet so extensive that a 
proper view of the collection occupies at least half a day. Very many 
visitors would be greatly benefited if there were a properly equipped 
lunch stand where food could be purchased at reasonable prices. 
This is so generally understood in other places that the lark of such 
facilities in the park is always a matter of surprise. There is at 
present only a very inadequate counter, kept on an exposed pavilion, 
which has to lie closed up whenever the weather is inclement. Be 
sides this, persons art not infrequently taken ill or become fatigued 
while at the park, and there should lie means for meeting such emer¬ 
gencies. It is thought that a suitable structure for this purpose, con■ 
turning the necessary cooking range, rest rooms, and water-closets, 
ean lie built for $15,000. 
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Fx// ut/cuw ruffey, Ontario R&atL—Thjb administration hus been 
considerably emkmumJ by the great quantity of earth and debris 
that is washed down into the park from Ontario Road after every 
heavy rain. The Commissioners of the District were authorized to 
extend Adams Still Rond across a deep valley at the foot of Ontario 
Road, and this lias mails necessary a very heavy fill of loose earth 
that is readily excavated by mins. Attempts have been made to 
arrest this How, which amounts to many tons of earth, but the means 
at the disposal of the park are inadequate. 

Arfitliom to the collection *—The park is greatly in need of certain 
well-known animals to make its exhibit more complete. I do not 
refer to those which are excessively rare, but to those that are common 
objects of interest to the public. The anthropoid apes, including 
tin: gorilla, the nrang, the chimpanzee, and the gibbon, should be 
shown; also the rhinoceros the East Indian tapir, the giraffe, the 
eland, the Beisa antelope* the koodoo, the East African buffalo, and 
n series of mountain goats and sheep, including those from the 
Western States. 

Respectfully submitted. 

FRAN k BA HER, Superinti ruh'nL 

Dr, CllAKLES D. WxlLCOTT, 
ticerclary of I In: SmtiMonian Institution* 


Afpekddc 5. 

EE POUT ON THE ASTEOPHT SICAL OBSERVATORY. 

Sin: I hare the honor to present the following report on the opera¬ 
tions of the Smithsonian Astrophysieal Observ atory for the year 
ending June £0* 1014; 

EQOIPlfENT, 

The equipment of the Observatory is us follows: 

(a) At Washington there is an inclosure of about 10 T 000 square 
feet, containing five small frame buildings used for observing and 
computing purposes, three movable frame shelters covering several 
out-of-door pieces of apparatus, and also one small brick building 
containing a storage battery uml electrical distribution apparatus, 

(b) At Mount Wilson, CnL, upon a leased plot of ground 100 
feet square, in horizontal projection, are located a one-story cement 
observing structure, designed especially for scdar-ivmslant measure¬ 
ments, and also a little Frame cottage, 21 feet by 25 feet, for observer's 
quarters. 

Upon the observing shelter at Mount Wilson there is a tower 40 
feet high above the 12-foot piers which had been prepared in the 
original construction of the building. This tower has been equipped 
with tin improvised tower telescope for whan observing (with 
the spectrobfilometer) the distribution of radiation over the sun's 
disk. 

During the year apparatus for research has been purchased or 
constructed at the Observatory shop. The value of these additions 
to the instrumental equipment* not counting the tower above men¬ 
tioned and its equipment, is estimated at SI,500. 

work of Tin: observatory. 

AT WASHINGTON. 

Obut rmti&m. —Mr* Fowl® has continued the difficult research on 
the transmission through moist air of radiations of great: wave 
length* such* for instance, os those which bodies at the temperature 
of the earth emit most freely. He uses a very powerful lamp made 
up of a large number of Nernst electric glowers, and examines by 
the aid nf the spectrobalometcr the energy spectrum of the rays 
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emitted by this lump, first directly, and then, sifter the rajs have 
trammed twice or four times a tube 200 feet long, containing air of 
measured humidity* During the past year Mr* Fowle bus been 
defiling principally w ith rays of the very longe&t wave lengths of the 
terrestrial energy spectrum which moist air transmit Be has 
reached a wave length of about eighteen microns, which is about 
twenty-five times the longest wave length visible to the eye, and 
about three und one-half times the wave length of the solar rays 
in vest iga ted by tbk Observatory in the years 1390 to 1 ..KM}* 

A great number of difficulties are met with. In the first place, 
great sensitiveness of the bolometer is required, owing to the feeble- 
ness of these rays. Attempts to use a vacuum bolometer have con¬ 
sumed much time, but not yet with entire success. Full success in 
this seems now probable* In the second place then* is great difficulty 
in determining tho amount of radiation lost in the optical train re¬ 
quired to reflect the beam to and fro through Hie long tube, A prin¬ 
cipal difficulty in this matter arises from the fact that the lamp and 
its BHirottndinp are unequally hot at different parts, for this has led 
to different degrees of loss at different wave lengths. This lust source 
of error k so obscure tlmt it escaped our attention for a long time 
and ha® required the observations to Ijo repeated after results worthy 
of publication had, as it was thought T been reached. These and a host 
of other difficulties have delayed the research, but great hope is now 
felt that satisfactory results will bo ready fur publication in another 
year* 

CompvMi&ft *'—The reductions of Mount ’Wilson and Washington 
observations take ti large part of the time of Mr, Fowl® and Mr* Aid- 
rich, ns well m the entire time of Miss Graves and a portion uf that 
of Mr. Carrington, This work is nearly up to date, 

Mr* Fowle has continued the study of the effect of terrestrial water 
vnp^r on the Mount Wilson solar observations and has published 
several valuable papers upon it. An interesting result is, that after 
determining and correcting for the effect of atmospheric w ater vapor 
on the transmission of solar rays the coefficient® of atmospheric trans¬ 
parency determined at Mount Wilson w hen combined with the baro¬ 
metric pressure after the manner Indicated by Lord Rayleigh s theory 
of gaseous scattering of light, yield the value 2.70 billion billion as 
the number of molecules at standard pressure and temperature in a 
cubic centimeter of gas. Prof. Millikan, by a wholly independent 
kind of reasoning, him derived from electrical experiments the value 
2.705 billion billion. The close agreement found is a strong confirma¬ 
tion of the accuracy of our determinations of atmospheric transpar¬ 
ency* and accordingly tends to increase confidence in our determina¬ 
tion of the solar constant of radiation* 
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j Sky ruiVutli&n instruments — The director imd Mr. Aldrich liave 
devoted much iimo to the design and testing of apparatus for meas¬ 
uring the scattered radiation of the sky by day. What is desired is 
ail instrument expo&iaig horizontally an absorber nf radiation in such 
a manner that the rays of the entire visible hemisphere of the sky 
would be received upon it, all rays not of solar origin would be 
excluded by a suitable screen, and the total energy of the scattered 
sky radiation originally emitted by the sun would be measured 
accurately. This is a inora diflkiilt problem than the measurement 
of the direct solar radiation, and it is unlikely that quite as high 
precision can l jo attained with the sky radiation instrument ns with 
the pyrheliametera used for measuring direct solar radiation. From 
experiments with several instruments of the kind which have been 
constructed in the Observatory shop by Mr. Kramer and testerl by 
Messrs. Abbot and Aldrich it now seems probable that the sources 
of error can be so fur eliminated that sky radiation measurements 
accurate to about 2 per cent will l*e made. An instrument embody - 
ifig what nm thought to be the final improvements of design is now 
under construction, and it is hoped it w ill be used n great deal in 
the coining year. 

BuHoon pyrkdlvmfter *.—Still incase time has been devoted by 
Messrs. Abbot. Aldrich* anal Kramer to the roc^nstnirtioii and u A- 
ing of balloon pyrheTlDmeters. Mention was made in last year's 
report nf the proposed iiicnsiireirLeiils of solar radiation bj apparatus 
attached to sounding balloons and raised to great elevuttona, As 
stated below, the first trials in August, 1013, while unexpectedly 
Bucctwful in many ways, did not enable its to obtain measurements 
above the elevation of about 14,000 meters, or 45,000 feet. At this 
elevation the mercury froze in the thermometers. Also, the clock¬ 
work proved not sufficiently accurate for iwst results. Still the 
results obtained were so promising that it was thought well to repeat 
the experiments. 

Accordingly the five balloon pyrheliometers were reconstructed, 
Excellent French dorks were substituted for those used in 1D13, and 
ninny improvements of I he instruments were introduced. Two de¬ 
vices were employed to prevent the freezing of the mere my in the 
thermometer Tn .some Instruments water Jackets, having numerous 
interior copper bars to act as heat conductors, were arranged, Tn 
these it was hoped ti> make available the latent heat of freezing of 
the water and thus to prevent the surroundings of the pyrUellometric 
apparatus from descending far below the freezing point of water. 
In other instruments electrical temperature regulators wnc provided* 
Many experiments were tried to obtain a constant, powerful, and 
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very light rieelric butlery fur this purpose. At length u modification 
of Lhe It.obei'ts cell was designed, ill which individual cells weighing 
20 grams lounce) would furnish n constant potential of 1,3 vuIls 
and yield a nearly constant current of about 0.5 ampere for nearly 
two hours. The internal resistance of the cells was only about 0.3 
ohms. Barometric elements wore made to record on the same drum 
that recorded radiation. One instrument was constructed lo !>e sent 
up at night, so ns to show if any unexpected phenomena occurred 
when the instruments were being raised, apart from those due to the 
sun. Many tests of the instruments were made at different tempera¬ 
tures and pressures, and while immersed in descending air enrrents 
comparable to those anticipated to attend the Bights. The accom¬ 
panying illustration shows one of the Imlloon pyiiieliomcters as 
reconstructed. 

Silver-tlipk pyrhelifmete r»,—As in former years, a number of 
silver-disk pyrlieliometers were standardized at the Observatory and 
sent out by the Institution to several foreign Government observa¬ 
tories, 

IN Tim F TF.I.Il . 

yiJt'NT tUOflu nruiirio^ or iaja, 

Mr. Aldrich went i« Mount Wilson early in July, 1013, and car¬ 
ried on there solar constant measurements until September when lie 
was joined and then relieved by Mr. Abbot, who continued the obser¬ 
vations until Novcmlttn An expedition at the charge of the private 
funds of the Smithsonian, nnd under the direction of Mr. A. K. 
Angstrikn, was in California during July and August for the pur¬ 
pose of measuring nocturnal radiation nl different altitudes, ranging 
from below sea level to the summit of Mount WhUrtcv, -1.-120 meters 
{11,502 feet'). Mr. Aldrich cooperated as far as possible with this 
expedition, 

Ballotm j>*ir?uVumttr y,—At the same time n cooperating expedi¬ 
tion from the United States Weather Bureau made ascents nf captive 
and free balloons in order to determine the temperature, pressure. and 
humidity at great elevations, for use in reducing Mr. Angstroms 
olwerv at ions. Advantage was taken of the opportunity to send up 
special pyrheliotnetere for measuring solar radiation at great alti¬ 
tudes. These experiments, which were made jointly by Mr. Aldrich 
and Mr. Sherry of the Weather Bureau, were referred to by anticipa¬ 
tion iu lost year’s rei>ort. Five balloon pyrhdiometere were sent up 
from Santa Catalina Island. All were recovered, with readable 
records, f ine instrument unfortunately lay in a field about six weeks 
before recovery, and parts of its record referring to the higher 
elevations were obliterated, but it yielded the best results 0 f any up 
to about ^.U00 meters, Two of the instruments unfortuuatelv were 
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shade*] by cirrus clouds until after the mercury froze in their ther¬ 
mometers. The highest elevation at which n radiation record was 
obtained was about 14.000 meters, or nearly 45,000 feet. As stated in 
lost years report no results indicating that values of solar radiation 
exceeding our solar constant value (1.03 calories) are obtainable by 
pyrheliometric measurements at any elevation, however high, appear 
from these balloon pyrheliomcter experiments. In view of the pro¬ 
poser! repetition of the experiments with improved apparatus no 
further statement of these preliminary results is necessary here. 

The totrtr-tisUseopc work .—As stated in former reports, investiga¬ 
tions were carried on at Washington during the years 1004 to 1907 
to determine the distribution of the sun's radiation along the diame¬ 
ter of the solar disk. It was shown by this wort, in accord with 
results of earlier observers, that the edge of the solar disk is much 
less bright than the renter, and that this contrast of brightness is 
very great for violet and ultra-violet rays, but diminishes steadily 
with increasing wave lengths, and becomes very slight for red and 
especially for infra-red rays. These phenomena are well shown in 



Fw. 1.— UrUihtiifTi dlattfbtttloa ak>D£ Ban'* ■[iatneltr to r iUffi'n>nt 

the accompanying illustration, from observations of 10111, The 
measurements were continued at Washington on all suitable days in 
the hope that some fluctuation of this contrast of brightness between 
the edge and center of the solar disk would be disclosed. It seemed 
probable that there might bo such fluctuations associated with the 
irregular variability of the total solar radiation. It proved, however, 
that such fluctuations, if existing, were of so small an order of 
magnitude that it was not certain whether they were really shown 
by the observations at Washington, hampered ns these were by vari¬ 
able transparency of the air. 

When the observing station was erected on Mount Wilson in 1906 
provision was made for a tower telescope designed to continue this 
research. When in 1911 and 1913 the Algerian expeditions confirmed 
the sun's variability, added interest was felt in the proposed experi¬ 
ments. Accordingly, tho tower, 50 feet in height, was completed in 
1912. Not sufficient funds were available to equip tho tower tele¬ 
scope, but Director Hale, of the Mount Witson Solar Observatory, 
kindly loaned considerable apparatus, and with this and some appa¬ 
ratus which remained fmm eclipse expeditions, and by using any- 
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tiling available, as, for instance, a trunk of a tree for a mirror sup¬ 
port nt the top of the tower, Messrs. Abbot and Aldrich succeeded in 
getting arranged on the tower a reflecting telescope of 12 inches 
aperture and 75 feet focus, all ready for observations by September 
1 ). ibis. Then and thereafter solar constant measurement® were sup¬ 
plemented by determinations of the distribution of radiation along 
Lhe sun’s diameter on each day of observation. These determinations 
are made in seven different wave lengths on each day, rang i n g from 
O. 3 IB 31 . in the ultra violet to l.lp in tho infra-red. Fortunately, the 
definition of the lower telescope proves to be very good- There is 
slight change of focus during the several hours of observing, and the 
“ seeing' T seems not to deteriorate much np to 10 ( v clock a, m,, at 
which time the observations arc generally concluded. 

About 45 days of simultaneous observations of the "solar con¬ 
stant mid of the distribution of radiation over the sun's disk were 
secured in 1913. The results appear to indicate a variability in both 
phenomena and a distinct correlation <'f the two in point of time. It 
is indicated Lhat when in course of its short-period irregular varia¬ 
tion the' solar radiation increases, there occurs simultaneously 11 dimi¬ 
nution of Hie contrast between the edge and center of the sun's disk. 
A change of brightness of about 1.5 per cent was found to occur at 95 
per cent out on the solar radius accompanying a change of 11 per cent 
in the solar radiation. On comparing the mean of all results ob¬ 
tained in IMS with the mean of all obtained in Washington in 13011-7, 
it appears that there was distinctly less contrast of brightness !«- 
tween the edge and center of the aim's disk in 1013 than in 1907. Wo 
have reason, however, to believe that there was distinctly n greater 
total solar radiation m l!H)7 than in 1013, This result, compared with 
the result stated above, indicates a difference of character between 
the long-period fluctuations of the sun and its short-period irregular 
fluctuations. The changes of contrast found, however, agree in this, 
that whether from day to day in 1913, or as l>etween 1313 and 1007, 
the violet or shorter wave lengtiis change in contrast more th&n the 
red or longer wave lengths. 

uut'KT iv it.<* is LxiTjimos or m*. 

Mr. Abbot continued tho Mount Wilson work, beginning in May, 
1914. Many improvements were made in tho tower telescope, lead¬ 
ing to improved definition and stability nf the image of the sun. 
Improved methods of observing were introduced also. 

HAI.LOON pynUKLtOSJKTHT. 

Mr, Aldrich, in cooperation with the United States Weather 
Bureau observers, under personal direction of Dr. Blair, arranged to 
repeat the balloon pyrheliometer observations, and tlda time at 
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Omaha. Ascensions wore not made until after July 1 T 101-1, but it 
may bo said in anticipation that two ascensions by day and one by 
night were made. All thrive instruments were recovered. No unex¬ 
pected phenomena were disclosed by the night record. One day 
record appears to be excellent* Fortunately the instrument which 
recorded it came hack uninjured, and further tests and calibrations 
with it are intended. The instrument reached a very great height, 
and recorded radiation successfully until after it begun to descend. 
Preliminary reductions show that the values recorded fall below 
our adopted value of the solar constant of radiation. 

SUM VI ARY. 

Progress has been made in the measurement of the effects pro¬ 
duced by atmospheric water vapor on solar and terrestrial radia¬ 
tion. New apparatus for measuring sky radiuthm has been devised 
and perfected. Special pyrheliomcters have been constructed and 
caused to record solar radiation with considerable success nt great 
altitudes when attached to free baboons. The results obtained tend 
to confirm the adopted value of the solar constant of radiation* 
Further results from balloon pyrheliornetry are expected. A tower 
telescope has been erected and put in operation on Mount Wilson. 
By means of it the variability of the sun has been independently con¬ 
firmed, for it npiwiirB that changes of the distribution of radiation 
over the sun's disk occur in correlation with the changes of the sun's 
total radiation, 

Respectfully submitted- 

C. G- AaaoTj 

Director Agtrophysiml Observatory. 

Dr. Charles D. Walcott, 

Secretary of the Smithsonian Institution. 





Appendix fi. 

REPORT ON' THE LIBRARY. 

Kjk: I have (lie honor to present the following report upon the 
work of the Library of the Smithsonian Institution and its branches 
during the fiscal year ending June 30.1914: 

It is with deep regiet that the library records the death, on June 
1914, of Ur. Frederick William True, assistant secretary of the 
Smithsonian Institution in charge of library and exchanges. 


ACCESSIONS. 


The additions to the library are received, with few exceptions, in 
exchange for the publications of the Institution or by gift. There 
were received during the year a total of 32,964 packages of publica¬ 
tions, about 90 per cent of which cam® by mail and the balance 
through the International Exchange Service. The correspondence 
incident thereto aggregated about 2,000 written letters and $ 883 
printed forms of acknowledgment 

There was catalogued, accessioned, and forwarded to the Smith* 
fioniiin Deposit in the Library of Congress a total of 32,19ft pienjs as 

V™ 7 ,, ™“ d h 7 - 9 pf 01 Hi; pauiphirt., 

periodicals, and 3i3 charts. In addition 1,062 parts of serials 

TZmaSm#?****** Th °“— 

There m also tennaferred to the Library of Congress without 
Uung stumped and recorded a total of 7,461 public documents pre- 
the Institution, r 

The accessions to the office library, the Astrophvsical Observatory 
a»d the National Zoological Park amounted to 1.165 ZS 
whech were distributed ns follows: <531 volumes, 03 parte of volum ' ‘ 
46 pamphlets, and 1 chart wore recorded for the office Hb»n~ Iflfl 
vrdumes. 33 parts of volumes, and 212 pamphlets for that of th» 
Astrophysics I Donatory: and 3D volumes and 4 pamph te or h! 
N * U ““' a-*** »*, ™» Urg, {umx 1/: 

Pf l " «“ addition of „,„rly too h»b, f™ 
employees Library from the estate of Miss Lucy Hunter n,i°j , 

“ C ‘ 1Uircd ,or l! “ to of to Langl-v A„ ri% „i2 
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Complete sets of inaugural dissertation* and technological publi¬ 
cations from S5 universities and technical high schools were received 
from tin? following places: Baltimore, Berlin* Bern, Bonn, 

Braunschweig, Breslau, Dresden, Erlangen, Freibnrg, Giessen, 
Greifswald, I la Me-Wittenberg. Hamburg, Heidelberg, Helsingfors, 
Ithaua. Jena, Karlsruhe, Kiel, Konigsberg, Udpzig, Louvain, Lund, 
Marburg, New Haven, Paris, Ilostock, St. Petersburg, Stnvssbiirg, 
Toulouse, Tubingen, Vpsnk, Wurzburg, and Zurich. 

EXCHANGES. 

A considerable portion of the periodicals in the Smithsonian 
Libnuy are obtained in cxdmnga for publicat ions of the Institution. 
During the year 1118 new titles of periodiruIs were thus added to the 
large series of scientific journals already contained in the Smith- 
eonian deposit There were also secured 1JJU2 parts to complete 
imperfect sets of publications already in the library. 

This work of completing the set* and series in the Smithsonian 
deposit is nf great importance and has tieen carried forward with 
definite results* 

In response to requests sent to various institutions, 832 miming 
parts have been supplied to complete 121 seta of publications of 
scientific inelitnriims and learned societies, l»i parts of 02 period¬ 
icals and 78 parts of 30 sets anil 1 map for thu series in the general 
classification. Among the more important paid [rations received and 
sent to tin* deposit to complete the acts may be mentioned 73 parts 
of the w Chetnifa," of the University of Moscow, Russia, making the 
set complete from bSfift to (bite; also <50 parts of the Role tin tic Ju 
Sm-iyihul Mexieana de Geograffa y Estadistica, of Mexico City, 
Mexico, completing the set to date; and t sets of publications, cum- 
prising 78 volumes, from Het Islcnska Bakmcntafdag, of Reykjavik, 
Ireland, completing the sets from ISfW> to date. 

The securing of publications of historical societies in the United 
f^tates and abroad has been continued, and us any additional publica¬ 
tions have been obtained and transmitted to the Library of Congress, 

BEADIlff i HQOJt 

The reading room has been in constant use during the y ea r. There 
are now- on file about 270 foreign and domestic scientific periodical* 
which ore required by the staff of the institution and its branches 
for consultation. In view of the fact that this collection contains 
representative scientific periodicals from all parts of tlm world, offi¬ 
cers of the "Scientific bureaus of the various governmental establish* 
ments in Washington and students generally continue to take tdvan- 
lugo of the opportunity to consult them. 

#3176'—su ]»n —i 
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THE AERONAUTICAL UBltAHY. 

IMth the inauguration of the Langley Aerodynamical Laboratory 
many important works on aeronautics published in the last few 
years were needed in connection with the work. A specially pre¬ 
pared list tun tic by Dr. A. I 1 ’, Ziihrn and Naval Constructor Jerome 
C Hnnsaker, United States Navy, was ennsidered, ntui li*0 publica¬ 
tions not already on the shelves were secured. 


ART ROOM. 

The collections of works on art have remained practically un¬ 
changed during the year. The administration of the National Gal¬ 
lery of Art being now under the National Museum, all book* relating 
to the fine arts formerly assigned to the art room are now placed in 
the museum library as received. 

EMPLOYEES' UBBASI, 


Tlie employees' library has been very fortunate in receiving, 
through the estate of Miss Lucy Hunter Baird, volumes in addition 
to tho?e presented by her some years ago, which add interest to the 
collection of general literature for the use of the employees. 

NEW STEEL HOOK STACKfj. 


Ill the report on the library for lust year the preliiniiiflrv plans 
for the new steel book; stacks fur the main hall of the Smithsonian 
building were discussed. On March 11, lf>H, a contract was entered 
into for the erection of the stacks in the east end and the completion 
of the work within lilO days from that date. On February 21;. 193.| 
the wrecking of the galleries Imd begun with the moving of the 
books of tlie Bureau of American Ethnology library, and within 10 
days the old galleries had been rar^d and the old exhibition cases 
removed, leaving the east end of the hall entirely free. At the end 
of the year the floor and walls at the east end of the hall had Ik.tii 
repaired, the heating plant reinstalled, and the steel framework nf 
the stacks put in place. 

These stacks are of steel construction, in three tiers, one on the 
main floor and two above, the two above having floors of glass. < » M 
the east wall is a single-faced stack covering the entire wall r(I[ | 
from the floor of the hall to the ceiling. At the two columns tru, 1 
from the east end is erected n double-faced stack, pnrtitionimr p ! 
stacks from the main ball, and on the west fare of this C 

two galleries which are an extension of the floors of the .stacks t/" 
stacks between this partition and the cast wall have ,'j .< 
throughout. A pns'-upeway on the lower floor leading (,, <1 " 
of the Institution in the cast end of the building has l ] r 1 [. * v' fed 
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fnr, and the openings lictwwn the stacks on the sides provided with 
jsrill doors in order that the hook* on these shelves may he pro¬ 
tected. The oases on the north and south walls of what is left of the 
main hull, ns well as those tinder the first gallery, are provided with 
glass-panel doors in order to protect the contents, as it is the inten¬ 
tion to use this hall for museum exhibition purposes. 

CATALOGUE OF SMITHSONIAN PUBLICATIONS. 

The manuscript of the dictionary catalogue of tho publications of 
the Institution and its branches mentioned in hist years report is 
still in preparation, hut it is expected that it will be ready for 
publication during tho coming year. 

UNITED STATES NATIONAL MUSEUM. 

The library of the National Museum consists of the main library 
in the natural history building, to which have been transferred ail 
th« publications relating to biology and anthropology as well as 
those of a general character; the technological series, in the older, 
or arts and industries building, which at present includes publics- 
lions relating to technology, uni] for convenience those on history and 
botany. These two libraries do not include, however, soma 30 see- 
tiooiil libraries in the scientific departments and divisions of tho 
Museum. In making Ibis arrangement the convenience and inter¬ 
ests of tins scientific staff have ljoen tho only consideration. The 
entire library of the Museum now contains 43,603 volumes, 73,765 
pamphlets and unbound papers, and 134 manuscripts. The acces¬ 
sions during the past year were 1.917 volumes, 1,123 pamphlet?, and 
13- parts of volumes. 

In the library of the .Museum 755 hooks were catalogued; 2.001 
pamphlets; total number of cards made, 3,520; completed volumes 
of periodicals catalogued, parts of publications, 13.S33; parts 

of periodicals entered, 307; 307 new periodical cards were made, and 
S books and 362 pamphlets were reeatulogued. 

The number of lawks, periodicals, and pamphlet? borrowed from 
the general library was 20,334, which includes 3,718 obtained from 
the Library of Congress, 376 from the Department of Agriculture. 
I0"> from the United States Geological Survey. 00 from the Army 
Medical Museum and Library, 2 from the United States Bureau Jf 
Education. 4 from the United States Patent Office, 4 from the Bureau 
of Fisheries, 1 from tho United States Weather Bureau, 3 from the 
United States Naval Observatory, and 2 from Harvard University, 
Cambridge, Mass. 

Hie securing of new exchanges for the Museum has liven continued, 
with the result that many new publications have been added to tho 
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catalogue. 11 mi I ii inch lias been done toward smifinj, in connection » 
with this work, parts of publications. 

The moving of the biological, anthropological, and general refer¬ 
ence series of the library to the new building haring been completed 
in the previous year and the rearrangement of the publications on 
the shelves taken up, attention was given to the finishing of this 
latter tusk. 

DURHCATE M ATOM At*. 

For many years the Museum Library was overcrowded to such an 
extent that the shelves hud overflowed and it wus impossible to 
have a proper arrangement of the books. With these publications 
were many duplicates which had been received by gift and other¬ 
wise from the very beginning. 

Among the duplicate material were many volumes of United States 
Government documents duplicating publications already on the 
shelves, and them, living of nu further use to the Institution, were 
transferred to the superintend cut of documents, in accordance with 

law. 

BTXDJNO. 

The luck of sufficient funds for the binding of publications is n 
serious question. This will obstruct the work in the future more 
than in the past, unless an adequate sum can be set aside, so that 
all tlie volumes may be bound mid made ready for reference To 
prepare a volume for binding and then to be obliged to take out 
parts of it urgently needed by the stuff makes it incomplete, and 
should that part be lost the volume may remain incomplete inas¬ 
much ns the publications which the Museum needs for its work arc 
published in limited editions and it is often impossible again t« 
secure them for binding when there is money available f ur the 
purpose. 

During the year GUO volumes were prepared for binding and sent 
to the Government bindery for that purpose. 

howl 

Many important gifts were received by the library during the 
year, tiic estate of Miss Lucy Hunter Baird being one of the.donora 
Tlie following members of the staff presented publications* hV 
William Healey Bail, Dr.O. P. Hay, Dr. C.W, Richmond, Dr. Ub. ; 

A. Meatus, Mr. Alfred Klakring. and Dr. Harriet Richardson dearie 

BlYWD 1.1 UR Alt Y. 

Spencer Fullerton Baird, second secretary of the Smithsonian t 
stitntion, gave bis valuable scientific library to the Tinted U., 
National Museum when the Museum library was founded Hj™* 
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tained during his lifetime u number of volumes, und after his death 
his dulighter. Miss Lucy Hunter Unit'd, continued to acid to these 
books, fn her will, which was probated after her death last year, 
she left to the Museum tills collec tion, which numbered 750 volumes. 

MALE LI BRAKY, 

A number of books relating to mnthisks was presented to the 
Museum in 18fH! by Dr. William Hiealey Dull, and he bus added to 
this gift from year to year. Tlie number of titles is now about 7,500, 
and these, with a comparatively small duinIht of bouks freon other 
sources, make up the sectional library of tlic division of molhisks. 
During (he past year Dr< Dali has added about 50 titles. The cata¬ 
loguing nf these IkmiIch was completed during the past year under 
Dr. Dali’s persona! direction. 

TKJHNOLOGICAL SERIES. 

Periodicals entered on the records nf the technology- library have 
numbered 47G complete volumes, G.09U parts of volumes, and the new 
periodical ranis made for these have Iwen 331. The cataloguing for 
the year numbered 2oG volumes mid 717 pamphlets, requiring 1.137 
separate cards. The total number of curds typewritten, periodical and 
catalogue, is 1,518. In addition, about 500 volumes and S.OOO pam¬ 
phlets have been placed on the shelves Under their respective class 
numljers and will las incorporated Inter in the records which are now 
in preparation. 

D'h.ks and . .plilcts loaned during the year In addition to those 

from the general library nmuttered 188 volumes and 2D0 single pam¬ 
phlets and parts nf periodicals, making a total number of 178 pub¬ 
lications, About ■It'rtl Ih"k iks have Iweii consulted in tlie reading room, 
and about 31,000 books and periodicals have lsccn transferred to this 
various sections of mineral technology, textiles, ami graphic arts, 
and section cards made for these. 

The science depository set of cards from die Library of Congress 
was received last year, and about ’28.000 liavc bean filed alphtthcU- 
Cidly, About the sume number remain to lie filed before the set is in 
alphabetical order. When completed it will lie a useful index to the 
scientific resources of Washington. The catalogue has l wen com¬ 
pleted for all the books in the lauding room and about two-thirds of 
the east gallery, leaving the north gallery and the remainder of the 
cast gallery still to lie done. 

SECTION At, I. IhlU HIES. 

The sectional libraries of the Museum have been receiving refer¬ 
ence publications for which receipts have been given und tiled in 
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tbo library, but since the moving to the new building no systematic 
checking has been done of what is now on tin* shelves in the libraries 
placed in the department* nnd divisions. It seems desirable and 
important that this matter should receive consideration, and it is 
recommended that a competent cataloguer be employed to do this 
special " ork. It is pstimuta] that it would rcirjujro a veer's titiic 
to complete the work. 

The sectional libraries now existing arc as follows: 


Adtalialitnttcn, 

AilllltoLSmittVU 

Ai] ilin 
RIdIokt, 

Bird#, 

Itctimy. 

Cm j i pitrat i vt* ini:!totcijr. 
Edit or a tiffin 
BthnoJogy. 

FlpiJtis. 

Guology, 

<ini|itili r «ri& 

HMory, 

lit vcrtebraii* j irL lean lojony. 
Momma Ln 


Mairlni' invtnttimre*. 
MJin-rlcL mudfcii. 

Mfhcbji ii I col Iwim ofofj. 
MiyUtlMkA. 

< >rtenta I ft r^fcici d* tjjy, 
PtoleofoatlUiy, 

PanuMlt^ 

r j btilij^nspl4\ 

Fbj^lrul turtliropatagy. 
Prubltfork* nrriiralcvj. 
Hu|nth's etna hstinicblam 

ttiajHq-jiittfjEluuf h offlet 
Toxlilenuy. 

Vertebrate pnleomoln^ . 


nrnnAt T of American etth nolog y. 

This library Is administered under the direct care of the ethnolo¬ 
gist charge, and a report on iU operations will lie f ount j in t] ( ’ 
general report of the bureau, 

A STliOPHTSIt:AL OBS ER VATOHV. 

Hookh relating directly to astrophysics have been brought to 
gctlicr for the use of the Observatory. It is n valuable series M 
technical works and all the publications are in constant use Dm-' 
the year 351 publications hove been added, consisting of if# Vil r,. 

33 parts of volumes, and 21*2 pamphlets, There wen? fit Vf i . 
bound at the (Jovemroent Printing Office. * I|J1|IS 

ISATtONAI. J!OOTJ PA [, PaBK. 

The collection of works tm sodopca] subjects, which are kent 
in the office of the superintendent of the pork u „, t .. . hept 

imt they all relate to the work which is l*ing carried 
the year 3U volumes and 4 pamphlets have been added * L,uriIi g 
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SUMMARY OF ACCESSIONS 

Th^ following statement summarizes the accessions during the 
year, with the exception of the library of the Bureau of American 
Ethnology: 

To tiie fraihbsuulaii Iei I be Library of Cun# ireas* iwiria 

to ocFn^pSote acts. ______ 12*054 

To Ulfi SwOthsantHn ot!b>.% AnUrapbyafcenJ Obft4‘rviiiur>% .. Sooli^cal 

Tsi the [ i tilled Staten National Maraum ___ ___„ w ;i F tti 

Total _--~™ ______ ---- _ IT,691 

Bespect folly submitted. 

Pace Boockett, 

A sextant Librarian* 

Dr. Charles D. Walcott, 

jSecteturjf vf the Smithtunmn Ifuttituiiim* 
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RE POUT ON THE INTERNATIONAL CATALOGUE OF 
SCIENTIFIC LITERATURE. 


.Sm I have the hotter to submit the following report cm the 
operations of the United States Bureau nf the International Ositii* 
logos of Scientific Literature for the year ending June SO, l&l l; 

This enterprise was organized in l&Ol and lias for its object the 
preparation and publication of an annual classified index to the 
current literature of science. The catalogue is published in the 
form of a classified book index, each paper referred to being first 
I kited under the author’s name and again under the subject or sub¬ 
jects of tlie contents. .Seventeen main volumes arc issued each year, 
..lie for each of the following-named brunches of science : Mathematics^ 
mechanics, physics, chemistry, astronomy, meteorology, mineraluor 
geolugy, geography, paleontology, general biology, botany, zoolo^ 
anatomy, anthropology, physiology, and bacteriology, 

AH of the first 0 annual issues have been published, together with 
Ifi volumes of the tenth issue, 8 volumes of the eleventh issue and 
I volume of t!ie twelfth, a total of 178 regular volumes, in addition 
to several special volumes of schedules, lists of journals, etc. The 
number of pages in each annual issue is shown in the following 
table: & 


F:lr*t nuuunl lnnt u ____ 

Becoml jitinmil lnMue _, ...... 

Tblnl smnuul \sm& __ __ 

Fourth mutual Inane— _„ 

Fifth jinsiiLi] Ih8ub.„ _ _ 

^istli iiEiiiEiiil I ague _—_*_„_ 

Seventh aonttat __ 

Els: hi h outrun L baon*., _ 

Ninth iluuuuI Iksup. _ 

Tenth finnucil iRsne ___ 



■ * 1 1 n, 

T h 7«U 

Km 
s. 4m 

8*031 
HP, TSTp 

m wt> 
!), 2m 
Km 
um 

8 .W 


The large mertmw 1 in size of the fifth ami sixth aumial ' 
necessitated a change in the plan of publication, the object in 
being to reduce the bulk and consequent cost of the work w! 'I 
reducing its usefulness. This has been accomplish oil |,v ,,!! °," nt 
the full titled and references only once—that is, in the ambi, 
login*—the subject catalogue containing only the authors iiume&nd 
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ft number rcforj in® to u Iike number in tins uut_burs cutnjwhere 
the full reference may U foumh Following this plan bus resulted 
m n marked reduction in the size of the eighth, ninth, and tenth 
issues. 

The central bureau of the organisation k maintained in London 
ami lias charge of reccing, editing, and publishing die clarified 
references furnished bj the 33 regional bureaus cooperating in the 
production of the catalogue. These regional bureaus are maintained 
for the meet part by direct governmental grants made by the coun¬ 
tries in which they are situated. The animal subscription price for 
a complete set of 1 t volumes is $S£L The proceeds derived from sub¬ 
scriptions are used entirely to support the central bureau* 

During the year £S,*506 cards were sent from this bureau to the 
London centrn) bureau, follows; 

Utcnilnri! at— 

iwb- : -_-- - im 

IU01I ____ _ 

KWT ------- la3 


lflOIK _ 

- ijv;i 

Ifll CJ_ 

_____ ^ 

1011_ ___ 

** 14SS 

in 12-_ 

H 010 

i;U3. - ... 

in t 

T^lnl__ 

■*"=- IflU 

. -iS. tint 


Tlifi fr»1 lowing table shows the number of amis sent each year us 
well ns the number of curds representing the literatim] of each veur 
from 1901 to WLA, inclusive* ? 


lilsilqrt 

vl— 

net 

1H9 

1 sea 


1 3 ’-N II k 

LUc 

aw 

1MB 

IMS 

IflTlJ 

13H 

J liua 

HILT 

Total 

for 

jFiMf. 

V mi tin-31 iiq; 
Jlltl+30— 

ITO...— 

flvDOG 














1 PfB,,.., 

C-.lSi 

fl,£» 












c,wo 

i«Q r ...._ 

5,041 

i,eae 

IP, CM 
7,-m 

a, 741 
11,10 

K h ttilS 

. 


U— 

. 

....„ 



* - tt-t r 

,„... 

Il,4&0 
21, 3E2 

im _ 

3Q1 

t£Zl 

3,55^ 

ilttd 

•ft,™ 







11,>EI 

■ ■*■ + ■■ fe i 

1^, 11(2 

wot... .++ 

m 

ill 

JK2 

5>5nj 

w 

12,57* 








'25, W5I 

2i 

i m . . 

m 

m 

S3* 


i/jjyl 

7,217 

12,421 







“■ - , - J 

^ ^25 

na* . 

m 

Si 

s 

W 

l.i vJ 

4 r m 

fl p &£ 
3, m 

i\ 7m 








n 

173 

1 

i3 

ft, KB 

1,301 

11,5*1 

a.itto 

3,377 

CM. 





34, H?J 

25,063 

S..QJU 

27,Sft 

37,«M 

ibu. p „ l . 

i 

X> 


jj 


374 

m 

14,062 

5,231 

3,214 




mi .„ 

mi...... 

,,a * A “ 

H 

\ 


14 

J 

1 . 4 M> 

30 

133 

l p «l 

m 

IJ.LPTi 

D h 5 K» 

■“ » ■ - 

10 , 1 % 

***-- 

VpIbJ 






“f 

M 3 

*.«* 

0 , 011 ] 

l^he 

S?,«n 

l* P Mi 

__ 1 



^aM.iFjaipf.sasj; 

T 7 r Ktl 

35,24 

2 Ssiid 


H.SI1 

31,435 

15 . 5 H 1 

iis,m 
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Aa has been pointed out in several previous annual reports, this 
enterprise is in no sense commercial, end should !« freed from the 
necessity of depending entirely on subscription for its maintenance. 
A comparatively small endowment would materially aid in improv¬ 
ing the form and expanding the scope of the index to include some 
of the applied sciences. Could this be done, it is more then probable 
that increased demands would more than make up for increased ex¬ 
pense, for when the catalogue meets the demands of the applied 
sciences, as it now does those of pure science, it will become n gen¬ 
eral work of reference for all branches of arts and industries. The 
organisation is complete and satisfactory, and its usefulness could 
he greatly increased by the expenditure of a comparatively small sum 
annually. 

No advance or improvement can, however, be undertaken until 
an assured additional income becomes available. 

The International Catalogue was originally organized by a num¬ 
ber of international conferences, the third of which met in London 
in July, 1000. The delegates there assembled provided that an 
international convention should meet in London in lOOii, in 1910, 
and every tenth year thereafter to reconsider and revise, if neces¬ 
sary, the regulations governing the enterprise. 

rt was provided also that an international council should meet 
in London at least once every three years to regulate the affair of 
the catalogue between two successive meetings of the convention. 
A meeting of this international council was held Juno II and 12, 
1914, and after authorizing the necessary contracts for the continua¬ 
tion of tli® enterprise and disposing of a number of other routine 
matters, discussed the very vital question of altering and revising 
the classification schedules. It was provided that further alteration 
would l«?st lie made by the introduction of subdivisions to the now 
existing schedules, such subdivisions Lo bo suggested by the regional 
bureaus as Lhe need for them should appear. 

Very reaptetfully, yours. 


Dr. Cuaulk* D, Walcott, 

Serivfury of flu- Smithsonian 


Lfsonakd C. Gunnell, 

A/aistastt in Charge. 

Institution* 


Appexdix 8. 

REPORT ON THE PUBLICATIONS. 

Sm: J have the honor to submit the foil owing report on the publi¬ 
cations of the Smith-simian Institution and its branches during tlie 
jeer ending June 30,1911; 

Tbe Institution proper published during the year 36 pupora in the 
series of 41 Smith son bin ME^elinnectus Colk^-tions,^ un tin mm I report, 
nrul pamphlet copies df 3H papers from the grncral appendix of the 
report. The Beliteiii of American Ethnology published Si bulletins 
and a separate paper, find the United States National Museum Issued 
2 Atiimml reports,, 19 miscellaneous papers from the pnicecdings, n 
new bulletins and parts, mid B parts »f volumes pertaining tn the 
Nat s oruil Ilorbqlium. 

The total number of copies of publications distributed by the Insti¬ 
tution proper during the year w*s 107.4 7 L Tin* aggregate includes 
1~0 volumes of Smithsonian Contributions to Knowledge; 50,777 
volumes and separates of Smithsonian Miscellaneous Collect ions; 
23,270 volumes and wpiu'atcs of the Smithsonian annual reports j 
0.483 special publications; 1,477 copies of volume 3, Annuls of the 
Astrophysics! Observatory; 775 reports of the Harrimun Alaska 
Expedition; 12.810 toIuhus nnd separates of the Butmu of Atncricon 
Ethnology publications; 1.412 annual reports of the American Hi*- 
tori™1 Association; 2f! publications of the United States National 
Museum; mid 104 publications tint of the Smithsonian Institution or 
ihs branches. Additional copies of the third edition of the Smith- 
sonhiii Geographical Tables were printed just before the dose of the 
year. There were a bo distributed by the National Museum 03,200 
eopii-s of its several publications, making n total of 202,fftt publica¬ 
tions distributed by the Institution and its blanchts during the year. 

SM JTHS0KIAN CONTHI BUTTONS TO KNOWLEDGE. 
qrAsm 

No publications nf this series were issued during tin 1 year. 

SMITHSONIAN MlSCEU .AN 00US OOLLK TTlONSt 

OCTAVO, 

f>f the Miscellaneous Collections, volume 57. 3 papers were pub¬ 
lished; of volume oft, 1 paper, and title-page and table of content*; 
of volume GO, a papers, and title-page and table of contents; of voj- 
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isnm fil, 21 papers, and title-puge mttl table of contents; of v-ntume (52, 
2 pnper&; uf ruUitue ft papers; nml of volume 1 paper; in all, 
21 i papers* as follows: 

IVjfnnic S 7 . 

XV n. Canriirinn am] itnlconlulngy* IL Kw Lower f:\iiinbj-kan Bufo, 

til TOU* By Ctbirlw tb Wnl rut I- Published July 21 , 1013, IV :& 0 fu 
33ft Pin. Tj^M. (Publ 2 l*k) 

No. 12_ Cambrian geology mu] \ k> l^ontology, IL Cambrian forniiiiirtna uf the 
UoImuo Punk district. HrUtah Columbia ami Albert** CwmdaL By 
Ctarle* ib Walcott* Jtdy 24 k i&ix p Et . pin. r^&i. < Publ. 

SEtSfcj 

XV 12, fluijjbrltLLi geology niul lei'ti Lology. IL I>]kV.Hvph?ilu* and olher jjeil- 

em uf the lUk^bRuiiluilimfi', By Charley r>, Walcott- April i r 11114 . 

Pit &MM1S mid Index* pin, itt*-7k 1 PutiL 21 * 7 .) 

[TlLto-paft* and table uf contents. 1 i Publ T 2270,) In prvua. 

Volume .73. 

XV lit Early Norse Visits to North America. By William li, Babrock j, s i r 
0 , lMi;t JSJ4213 |rp,, 101 Ah 

TlMoftiin' nfliS Ittblo uf oulilclils. vj pp. AukuhL 7, 1013. (PuliL 22T4L) 

VtifffJfltf 1 * 0 . 

No. ”3. The Influence of the muupsphero on our keuliii rind evmfon la cpnihmtf 
□ nd crowded placid By Leonard Hill, Martin Vhuk, James Me- 
IbiihHli, It, a t flew la min, jiiilI ll r r. Walker. TTnrfiakhiH Fund. July 
i?. 1013. ml ilk (P«bL2im) 

Xu. ran. Explorations nod Held work of the Smithsonian last Lint tin in mi 2 , 

March 2a:, 3913. 7b pm 32 » End of voOiiue/) iftnbl. 1!1TS.> 

Title jiage n ml tubk* of cunti-m.*. Aupist 7. 1013. \ | pp. i rnhl, 221!^,) 

Vofuinr iff. 

No. L The White Hlrinnrrrn*. By Edmund Halter. October 11 , l 0 i;t B 77 t5(1 
:it plK iPtllil 21 *u I Nets. 2 tn Tp of this Volume wore published 
during previous jesr.j 

Xu. "1. <ltvnl stone monmupnlH In btatory mid Keotfrnpby. By J. Waller Fewkar 
SrpE unitor 1C, 31H3 l m j>p. fPuW. 2229,) 

No. 7 . New races of antehuHsi from Britta!) Khhi Africa. By Ediutntd H4.11 

July 21. im r 12 j,p. <PuhJ. 2221 .) 

No. ft The comparative tautology uf the femur. By s u\ j. s. Fouii* AneuM 
22 , 151 1 A 0 pp + 3 pis, 1 Puhl. 2232 ) 

No.a iK^ Hl tlon? of tliree new African tvc-tiver iUnla ..f the mmera EhitOiIi 
ami OnuWLtlmt. By Edyar -V Mwms. July 3T f 1933 , ^ fip " f p ’ 

ZEiiL) 

Xu. lit tX^crlpCtons of four new African thmabes uf the wnera riannnUcii# mat 
Oeociclila. By Eitpnr A. IfCftKa. Ati^aft U r & nn 1 Pi 1 1 

2237.) Ml 

Xu. IL Dc^erfpftlons of six new African liinls. By Kiltrur A, Mearns 

30. 1913. 5 |>p. (PtthL 2238C) b-nH 

Xu. 12 Puiinlos MauilunpilIL A new treo fruoi I be Sotttbwrat Hr J v i> 

Scplembey 3. 101 a 2 pp.. 1 pi. (Pttbl 22 :ip.) ‘ Rw - 

XV 13 New anlcluiies and cnntlvorcfl from British tVst AfrU- 1 u T , 

Hdlcr. fisptetnbor ft:, J013. IfS pp. (Pnhl 22 Um 


BEPOIU ri[ THE BEOHETAfiY. 


I0» 


M. Descrtjidntw .,r Ate Mf . w African weaver bird* of the pmcm othy- 
phjiii'e*. Airleuni*>vni\ umi J.tiL'enMtle*. Jty IJ.Ipir A. 

atineoilwr so. ijua, r*pp. fpubL 2211.) 

Ko.ir ( . N«t<.« Oft tint iwtfijir .rlnnM* in the Brttlxli Museum. By Austin Hobart 

Clark. December 31. lMJt S9 pp. (Petit. 2243.) 

Xn. la A now tlirdi of the gratis Esenbocklci from CbtotnMii. By Hr. K. 

Kniw. September 2}, ion. ] p. (Fuhl. 2243 .) 

Xo. t,, X«r ini-m of im(iiiitii^ md primate* front Ki|tuitorhil Africa, |l; lii. 

nitmd Haller. October Si, 1013. 12 pp. 1 PnM. 2245.) 

No - ,s ‘ Anthropological work in Pom In 101 a, with u.n.s on tin? jutlioEnjry of 
tlie anfient IVruvIuns. By Dr. AleS Krdll&A. t-'ebmnry 12 | PM 
W> pp., a« pin. (PnbS. 22W.) 

No. If*. New races of carnivora and heliooti* from Kipm tcn-lii 1 Africa A n,| Afcy*. 

elnln. By Edniniiil Hdler, November fii. HlHt 12 pp. iBtR 221S.) 

X<i. 2n. I >enrrlpUiTts of lo new Afrlenti binla of the Genera I’ujpwnKttchtn. i'<n 
Mplm. BmrtypteniH. SyivLelLi. Melon!puma, nm| '/jMerajm. By 
A, Migf nis S* *v nt 23 K 1013. S |>j . r * I \jh\ , yjfi | _ j 

Xth'Ai, FlUy-otw iif m Muinjmi taautirailK. % Gfcrrtt H. UUtor. Jr. IHwhiTht 
.1013, :k> m {PtibL 2252 i 

No. 22 . pour new MbepecfJ^ of lurpr mammals from Eqnntarlnl Africa. By 
Edmund Holler. January 2»I, 11114. 7 pp. (imijl. 

No. 23. A ftew isvddh ,.r MalkmUngn from Afrit. “Ulrica fowl in (lie Untied 

Ktntos National Mpflotttu. By John Ilowjiril IVI tie. . . :tj |ni4 

t Pin (Pnbl. 22EB.) 

No. 21 , Now Kaplndjii-otv ftoiy Panama umi 1 >s1ji ttlcn. u> p f ,,r. ji r , \_ 
Hmllkofor. Kobrtmry ti, ifli-L 8 pp. (l’nbi. 2_'.M* r j 

No. Si. fVerriiKHHtt of eight now African Bulbul* Hy Kdgur A iimi^ yvt. 
ninry Ifl, lul l, it pp, m,bt. 23001 > 

TlBc-pup; ami liiblo t*f content*. Murvh i;i, mi l. v ; pp. (fnbl. 22N5.) 

N<Jj lm Advl ^ r 7 Comiullt'W on tin* UiU&vy AffirodjiumJeml i-aiM>nL^rj' Wmiv- 

kiiiN PumL juiy i7 + r* w. imiw. m r > 

Np. 2. Uydmtnochunic exportuinta will, dyluff-bwt litilln. By it, L \ Hl. Jwrd- 
A’n. Hodgkins Finn!. April » 1 . 11 pp., « Jf K u*,iM. 2S3.» 

N«-3. i-ti on European naronniilhiil lahomtorlrs. Cv A i‘ Ziitnu " r t .... 

11 1>Ul (Piibl. 2273.) Iiism ' “ "** 

FdIhrm 

No.], a tnu 1 spheric air in rdatlon to tnlwrciiTnniH, n y nay Hlnadiilo n„i K . 
kins Fund. June 22. In 14. lSB |jp„ 53 [tin. 1 piihl. 2251 ) 

No. 2. Not™ „n oouu of u qwckn of Opyebopbom (Ompert|iotus «r* 

nidol) now to Hn" founo of Punnmii. By A multi Hobart dark fi-Itm 
nry 2J. IP14. 3 pp. (Puhl, 2251.) 

No. A A new Ctet*fiop*4ni dlwteanr from tie rpi^r Cmtneeous of Montana 
wltli note on Hyrtien,turn run. By Charles w, (lOnwre. n,' 

11*14. 10 pp«, 2 pia (PutL 2202,/k 

No, 4 . Oil lie retail 1 hi ship nf the £fmiis Aulacwarpos, with description of n new 
rvoannuilrtn a(a^le«. By H. PI tiler. March IS. nR -I pp. (P„1 ,l 

} i 

No.... PtaalpUani °f Aw w niammala from Pntaaia. By E A (JuTilujitti 
Jltirnh H. IPI4. 7 pp, (Pnbl. 22«e.) 
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Physical Tnbles. Six I It edit km. K. Fuwlu. (Fulil, saw.) I n press, 

Xo. 7 . New Hiilwptvlstt of iimtiititnls from Egmilurlal Africa. tty Edmund 
Ilullcr. Jim© 2-1, 1014. 12 pp. «Pnbl. 22724 

fi j, 

Xc. 1. Cambrian geology nip] imliuatoloHr. Ill, The Cbmbriim Emmas of Enst- 
cnt A*ln, By i tmrSes U. Wukott April 22, 1|IH, Fit. 1-TIL pin. 1-3 
tFiilil. 23684 

Xo.2. Cambrian geology and paleontology. in. Fro-rmuhrlan A Igonkin n Atom 
KLini. By flirt rim D. Walcott, Fp. 77-1&J, pin. 4-2fc (Biit.l, 2271.) 
In (iresKk 


6KHHB0NUX ANNUAL KEPOHTS. 


Report for Win. 


The Aimun! Report of the Board of Regents for 19 J 2 was received 
from thfl Public Printer in completed form in October, 1913 , 

Anuunl Report of Uw Bimrd of Regents of the Stalttowntda 1 11*4 i lull, w, nbuw- 
log operations, expemlltuMi noil afcJdltl™ of the Institution fur the year 
mil log June SO, 1012, Ml, "Stj pp. f 72 pta, (PuliL 21 ^.) 

Sniall editions of the following papers, forming the gpnend an- 
penriix of the imminl report for 1912, were issued in pamphlet form; 

The year’s promt* In esinituiniy. Hy F. FiiIsmhl 8 pp. 1 publ. jjfift.j 
The spiral uebulm. Hy F, FiiIschk. 10 pp. IPuM. 2100,) 

®W rntll fit Ion I.f [In- riiin, By c t; AblxK, IS pp„ 1 pis. fFibL 2101,1 
Molceelar tln-orli* and ttmihptnniir^. By fimlle RureL 50 j, [(r ^ uW , 
Modern tu n llwm nthiil rr;m.-iurh. Hy t;. A. Miller, 12 pp. 11 ■util. 27:13V _ 

Tin- ceniiHtloti Wwwii the ether .I matter. Hv Henri I'.jlnT ,," t*> 

(i ’11 l>l. 21014 l * 

Ka perl turn ts wlib wuplmbblw, Ry r. V. Boys. S pp., j p |. (Pnbi 
MramtHinabte uf imlultesiiuni qunmltien of Hiilwinn-:i s n v Wllli[in7 n 
11 pp. (Fnbl. 211 h;. ) lurnwiy. 

ni.' latest lU'WeveuiHit-i nm! prohleiiu; „f die ebetnlcel ii„p lK(r , , lr ,. , 
PhIhIhtb. 2*7 pp. (Pobl, 2107,) r ‘ y 

Unit's in Die air. By 7V, ,1. Ifipupbrayst 12 pp, L 1 r ,j. K , (Pni,l. Situs 1 
Etcrfcw of applied meclmules. By L. Lecormi. id pp r (Fulil 21 ) 151 ) 
ttnpert «n the rerent great erupt]un of the ndcano " StnnnboR.” r v . 

Ferret, ti pp.. 0 fils, (Fulil. 2200,) ’ n * A * 

The glndnl mill pO«tgl ji. tuI lakes of the t;ria| Lillees iveiim nv *v i ,> 
Taylor. SI pp. (Fnbl. 2201.) 1 

Appllwi geology. By Alfred. II. Rniofcn 2 1 pp. rPuLl. 2202.) 

TJi*' relations of jialmlmiJiny to geology. By R 11 . KnewRon it , 

jHjgg ) I 1 * 1 - UniliL 

rt^mreh- Bj Arthur L lh\y. n up, rBuhi 
A trip u> th* r©im(ry of hery\*. By htvnU i-> llsl m 

22m r ) w* tFubl* 


Tho flfcjfdmtluvr ctlnsnte vf North Ainprldi. By FJlK^rtJ, 

ID m tfctfi. flmj uiicmRtoaa ^ nrf < 

Tb# irartlvia ot «ehhh jmicI aid ^enlttiTc 11 «f hvtne t> 

gpp rf 4 pi#. iTubi. tmr.} y K 

AiUptntivll nud liitierkntiw in tin? hcht o! mtvhm 
By Paul E§xmvmnF* 21 pp. k q. pi* (BubL ssag.) J i3J lntfc 0 a tl®atUnL 
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rile jk(Jih. ijTiiphi, it i y f iiniiiri'tliM. Hr t’luirlcw Etalley. tl pp. 

<PuU. 220 ft.) 

The aula :tml Uietr soicnts. By P, K. Witsmaiui. 20 pp., id pis. >PuhL 2210.) 
Till- itoijjtilns of 111!- antarctic regtciitN. By I_ Guta, * pp.. 0 fils, t Publ. 2211.) 
The itortvntloii of the Enroiwati flniuiwUi; animal*, By C- Keller. !t pp. (Publ, 
2212 .) 

Wfei llJi nulmv. or lain, ami matotdUDce. By K. jl. Bchfifor, 33 pp. fPulil, 
2213s) 

Tin* origin «f life: n chemists rnntnsy. By it. E. AnuHtretitf, in pm (Pnbi 
22M.) 

Tin* npiHMniQcv of life <m worlds ami the hypothesis of ArrtiOntu*. By Alplionse 
Bereft. U |ip. (Publ. 2233.) 

The t-volution of man, By G. Elliot Smith. 20 j>p, (PuhL 2213,1 
Tho history and rarletlot of huninn speech. By Edward ftiplr. 23 up. (PubL 
2217.) 

Ancient Hn-ww am! Its stove popalntJcm, By s. Itoborowski. 12 pj>. fPukl 
221!**.) 

Origin and evolution of the htnnd Europeans, By Adolphe ill, m Il 22 pm (Publ. 

22m) 

History of ltii* miner-print system. By Bertholil I/infer. 22 pm, 7 pis. (PuM, 

2220 .) 

t ; rtiunlam: A hlmorlr, cpuCTnpbic. nml economic Htmly. By Horre Gtergat 
Ut pp, (Pulit. 2221.) 

TtiO Slunl problem. Ity K. Olierhtiuiiner. 8 pp., 11 pin. (Publ. 2222.) 

Tim music of primitive |>eopl«i ami I be beci rut Sept of Ettropenu musk, By 
Willy Pastor. 22 pp. tilth!. 2223.) 

Expedition in the South Polr, Hy Rwtlil Ammulwcn. lit pp, t Publ. 2224.) 
leetotrps mill thrlr kcaikii In nnTJgalku Ity Howard T_ Barnes, 21 pp, 3 pis 
lPubl. 2220.) 

Henri Folocanl. hi* scientific work, his philosophy. By Chutas Nordonum. 
23 pp. (Publ. 2226.) 


Report, for JDU, 

The report of the executive co mm ittee and proceedings of the 
Board of Regents of the Institution, ns well us the report of the 
Secnsfairy for the fiscal yen rending June 3<), 1913, both forming part 
of the annual report of the Board of Regents to ( ongrvss. were pub¬ 
lished in pumphlet form in Kovcmber and December, respectively, 
UP 13, jls follows: 

r<ofM>rt of tin? ractJtive rotnmttree and [iroomJIn^ or ibfl JUum 1 of Uoginjlff 
fur till? .Vt«ur niulloi; June m ISH3- ( I\ |r|k i i 

report of Liu* r+^arj of tho fruit b*i ml jm InatlhitlLUj for Mn- jinr tiitHo^ 
JiJLiu :w p 1013, Jit. no pp, 1 PL (Pnbh 2240. i 

Tin; general appendix tn the Smithsonian Report for 1013 was in 
type, hot actual press work was not completed nt the close of the fiscal 
yeur. Tn the general appendix arc the following papers: 

Tin* earth jmuI mm a « njiipncia. by Gourj^p R Hale. 

'I Im rdiri [.) 0 uf tin- pinner* upon the nio, by I*. FuIjkuix. 

Keren t |T,,j;n-sH lu DslruphyslL-m by C. 13. -U.U..L 
Tbt> earth's tungiictj'wu. Iiy L. A. Bimcr. 
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Hortens itlniiA oti tbp ond nf the world* &j Oi^uiv JjiLinmnn. 

I-Uwnt development s \n ditvirouinKrteLfeiii' iiy Kugnu* BI'>o:h. 

fflrtlfSj tnm?njEra[nu of energy. b j El Jim Thwiuttib 

Oil fUnts on wau* und on mertmy, by Henri Dbyucpl 

VVjiter Jind volcanic ictiritr. by Arthur I. Day mid n s. ^lumbcrtl 

mm* nuirkrt, by VU. Eprj\ 

Xori?# on rise ffcolisgtol history at ibu ivuluiirK uih| hlekurinH. bv Krtwnnl W 
Berry- 

Hip format Ion »( IcafwW, hj iYnicrlcfc V, CovUtd. 

TIip deratapment at mclild cultivation nod H* bearing tiponovolmmnary Uiwrirt. 
by J K OmtimtliL 

The mumtoctun* nf nitrates front (tie atmosphere, by Ernest Kill mm Scott 
JJio gculdglr history of I’J I Inn it Elil its InUueiico Dpon lb*! Chino w Itriilili' hv 

Eliot Bluckwelilot. J 

Thfl problem* of facrcillty, by E. ApOrt 
Hqlilts nt fldilier-cmbu, hy a. 8. Pcarne. 

Tlie nlm lone* of California, by Charles L. Edwards. 

ITii' vslne of blnla to man, by James It nek la ml 

Ei pertinents In feeding huwtntagblnta during seven sawnier*. by Althea R 
Sbiii-tnniL m 

WhM tlt " VuwricM illnl Benilimt Aswehittan 1ms accoj,.,.||rtb,^ <tl[ri]Js! 1B1 * 
by [Iuivotfl |J. Cleaves. * K1 " 

The wluilc fisher Jen of tbe world. by Charles ila|>of. 

The meal atirien! skeletal mini Iiih of naan, by All's Itrililrkn 
The ns 11 si rl bn Mi hi of mankind. by II, N. I M^, 

The curliest forms of human habitation. ami their mmJon [r, t ]» mu™, a 
votapmctit of civilization, by Ji. Ooernv- ** mm ue- 

Fl Sir'" rHl ‘ : lt * < ’ rtBln ’ rttttl IM^wnt Edition, by 

KbtrmiUcu And ILh i^fRcaiiPC, by K, ffitnakiigL 

Till- Milii.ab ttjtd ttyixmmn dttutnt in rieltmtc lift-* by a. j Ermns. 

Flnnwlew ouuibiiBih-u, by f H arMuii EUJIjl 

FttWoiw in smoke, fume, nml itnwt atmttmpnl. by f. fi. Ccdltvl! 

Twdiify years’ pro*™** Jn marine conttructioti, by Alttandfir f/riulr? 

‘wssssc srrssssa; —-»»«- 

**&£?” rok>r ^ "* —■ ”**• ■>»* a 

FwmlHliiMltjils of bousing reform, by James Fercl. 

The economic ami m trial n%le of fasblwi, l.y PJom ricr*ct 
The work of J. vati't Hoff, by O. Brtml. 


8PE0IAI* PimUCATlONa. 

Hut following ivtihiic«lions were issued in octavo f nrtn . 

f’lusslflwl llsr of Stnlllmmliitt publicatloiw a vu liable f fir 
1011. Pnltllaleal April 2a, Wit. vl+32 pp. u^bj, s. N;s * btl,,otl A l'ril 25. 
rubllcatlona of the Rtnllbmmlcn Inst I tut km iwued bcttriwn t— 

30, 1013. July 15.1013 2 pp. (I'ubl. 222s.) J ttn«ary i n m l j ul]( , 

lltbllctttlons of the Srulilj suntan Ii inti tut loti Ismnsl tmti.i. 

September 3o, 1313, October H, iftlS. 1 j, r (rubl.mt? 1 *”<1 

Ita burs Mi ni« of tbe Sinitbsi.nlari ItmHlnlEon inn ll i ( T. 

December 31. 1013. January 22. 1011. 4 pji. ( p u|?l Jnt>ua Ty 1 and 
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Publicstionn by tbe tfuiitlisnaiiim instil utimi Inhwocu Jcimiury i nml 

Mnrrli 31, 1014, April 10 B 1&14. 1 |% < Pub!. !!2fi74 

Oj'InJou^ n?i]i|<Ti ! by tht- IrUrmnilonjil Ciumnlsalon on J 6 oolcig 1 r-.nl X-um-iioln 
Opinions nl-ftfi. Uj&rdi 1^, IPM. 1'p, (Pub], 2350,1 

An ACfitiiim of exercises on tbu rx-ttislon of t.h# prmn.tuUoD of ih& fjingley 
Modal and riio Tm veiling of the Langley Memorihl TVifolct* Huy <i IMS* 
Itn'linllii# tbe Jitblr^sj-H. BeUiln-r in, 1913. 2d ppw 4 pis, (PnbL 2233.) 

jirrirv. 

Vol. I k Mono^rnph of shullow-wnlor rfnrflufocs of tlio north Paclfii; nunt from 
I ho A n ■! j i ■ Ckcnn to California Fnrt T, lexl; part ?L plutes. By MUiL^ou 
Emory VofHH. Aprils 1011. xU+40S pp, HO plfl^ (Publ.3t4ll r ) 

PVB14CAT10NS OF THE UNITED STATES NATIONAL MUBtiOlt 

The publications of the National Museum ure: {«) The annual 
report t.* Congress; (6) the proceedings of the United States Xu 
(ioiiii! Museum; mid (e) the bulletin of the United States National 
Museum, which includes the contributions from the United States 
National Herbarium. The editorship of these publications is vested 
In Dr. Marcus Benjamin. 

The publications issued by the National Museum during the year 
comprised ill papers of the proceedings, 2 annual reports, a bulletins 
and parts, and f* ports of Contributions from the National Her¬ 
barium. 

The issues of the proceedings were as follows: Vol patters 
mid, 1085. *200.>, 2000, and 200": vol. 40, papers 20dS to 2012, in¬ 
clusive: vol. 47. papers 2043 to 2051, inclusive; Annual Report of 
the United States National Museum for 1312: and Annual Report of 
the United States National Mu,seism for 1313, 

'flic bulletins were as Follows: 

HnlLvtln ?4\ [xm rr ft. Birds of Nortii imil Mlddtu America r By Rofcoft Rldjru-sy. 
Butb-tEik Ti. jNirt 3, A unmogrn ph rtf tiw Fora mini frm cf the North Pud An 
Owm* Part III, LotfenidnL By Joseph August Inn Cunbmun* 

BiilJtHtti 71, |.Eirl 4 t A monograph rtf tiro Foumlbtfcro of the North Pacific 
Ouaati* Pari IV, ChlloatciinellWa^ (Iluhigurlulditv NaiamuJltlttafc By 
Aug like] no CLisbumu. 

Bulletin 8a A iToscriptliL- uwount of \hv handing rtrenily tmlml for tiro rlc- 
partwma* of nittiirni history of (Tic tMtcd Kl.tl^i National \Utm *m By 

Rlullii nl f{:i | hhun. 

Bui Sot In m. Typo *t »d*w of p&rom of Jubtirnmon flk*_ By Henry L, 
YTeracit- 

Bulletin $4. A rocitribnilon to the study of Ophldrans of tbo r»tted stales 
National AI UM'uiH. By Roue KotibU r. 

EqJlotln ^ a monograph of rhp imuplng t»lnnr nco nr PayUtdiE of ibe N&ir 
World. By L. Crawford. 

Buitnhn JWt, a mooc^rapb ot the ccuuh t'twrteUw Sw*lm«u, lTr<‘ ef a new 
rnmHy of By Harry C, Olwrbolser, 

BnUotla ^ . CtJltam of ibe Hiidtml pueblos of the upper Gilo RHer r?g i*n, 
Nt r w Mexico and ArlEoaa, By Walter Honitb, 
wu - n 
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In the scries of Contributions from the National Herbarium there 
Appeared: 

iVjJtftm- ;jf r 

l‘«rl 10. Abntmii F-eiimi iiiirl lt« nllliw. Ity u i lUn m j.;, salTonl. 

P:irl ! t. Nottm-Urljituru of the SajHite ntid iln- Sai^mia. Tu ft. p. r<«*k- 
P:m r ~ A monos noth -f the Hauyeie it ml OanejrimTirpw, of tin- Onn- 

Eniifse. B j J, Donald Smith Unit J. JC, Ilns^. 
ran IX Rotr>ehlnn> Tiniltilbnnm nmt it* forms SpheuocHi strvfimi.,, und 
(^PHODln pnloBtrta In the hmitbern rmtts] Strife* ity | T nr Tlilfiirom, 

TVjfumr (7. 

ran X Meitom gnu**.* In llu? 1'nUe.l States Nntiutinl Herbarium. Hv \. s. 

HLtCjlOdCk. 

P;srt A nf trapiHil American ft-mw. By William R. Miuost 

i^ssrt G. 8tl$i!|PH of Alnprlrnn I^iini'riij-stmit 1. By Ftiul r„ SiJiIvtIF+*y 

FflfUlW JR. 

I’arr t. CluoUkaitioq of thu gemij* Annonn with i!es:ri]ttloiui of op w a ml I Bitter. 
ffvily kuiin -11 apedHL Fty Vi r . fcl Salford. 

I’Brt 2 New .. r noteworthy Riant* from Colotnbln mid rcuirnl Amen™—J 
By Honry |73i t S<?r» 

There w fts also reprinted ao edition of 300 copies each of |> [irts 

A. K. and I* of Bulletin 30, United States National ..tin,. 

tions for collecting birds, by Robert Kidgwity, directions for adlect 
mg and preparing fossils, by Charles Sehnchert, directions for cob 
lectors of American basketry, by Otis T. Mason; an edition of 500 
copies of Bulletin 67. directions for collecting and preserving insects, 
by Nathan Banks; an edition of ±000 copies of of pdBieatiim! 
issued bv the I nited States National Museum from llKtG to 1012 
reprinted from annual reports with altered pagination? and an edb 
turn of 1,360 copies of a list of publications of the United States 
National Museum issued during the fiscal year tP 12-13, inritit d 
from the annual report with altered pagination. 


tTBLICATIONS OF THE HTTtKAU OP AUDHCAX ITT 11 NO I,On Y, 

Tlie publications of the bureau are discussed in Appendix J of tl 
Secretary s report. The editorial work is in tbc charge of Mr f p 
< jiirley, who has been assisted from time to time by Mrs. Frances S 

N tirll 

Two bulletins m.d a “ separate *' from another bulletin were 
during the year, us follows; «**uea 

Bulletin 88, <n»tf»pc*vii Minnie— IT, By Ffuncvs Dciikiuiuc 

Balledn Sfl. Elhnoioolojry of the Tews Indian* jty jL,,,. „ , 

John P. ITnrrinatoc, H«id*r»o and 

0«*: An illiistrallrc ekert.iti. Fly ]^o J. Fnichtcnherc. r, th . 
beck of America a tnrtLin Linsuafes i Bulletin -ioi. |mrt 2 K< rr ' >111 11,1 ,J<1 * 

At tbc rlo«e of the year t wo annual reports and set nr run 
were in press. ^' Crn! bnlletiiw 
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PUBLICATIONS of THE SMITHSON I AX ASTROTHYRICAI, flRREIiVA- 

TORY. 

V4diinif* nr, Annuls of the HaaEtTisouInu Asimphyiticnl Observatory, by C. C. 
AMm.j, V. E. Ftiwlft mid L. H. Aid rick July Hi, 1013, xl+241 pp* 7 pi* 
(PnUL 3230.) 


I’l liJJC'ATIO.V.S OF THE AMERICAN HISTORrCAL ASSOCIATION, 

TIk' jimiiinl reports of the American Historical Association jvip 
tnuiHmfttcd by the association to the Secretary of the Smithsonian 
J he ti tu fiord, and are comm un lea ted to Congress under the provisions 
of the net of incorporation of the association, 

\ oliimea I and i! of the annim] report for 1011 were published 
. ov ember 10, 1011.1. uni January 14, 1014, respectively, with con- 
bents els follows: 


Hl ‘ port Qf ^ PtwwdBi** „r ihe twenty-seventh nutiual meeting ..r ti.e AmerJ. 

Mn 111 Kt i t I [■;! I Afipodntloo. By tVaJdo o. r^lunJ, inaetars 
Itwiri of (he pmi-nllng* ..f the emhth mimiol meeting «f in.- iMrifk- wa^i 
h ranch, By II, iv. Edwirds, awmery of the brunch. 

I’lii' mlii™ of tb,. venett.il, Republic By Theodore r ior„*H 

' hirS‘ By 'mZ"!? Fly"*™"" "* »"”*»“»■ ™' 

Tta nmtanals for the study of the English cabinet in iho e| B l.t.«nt1. «ntun. 

Mwnrd ItnjEiStnuS Tnrii^F. * 

Promote de Guise and the talUnt* of CsJata % VMI Dyk ,> 

Fnclione In the English privy council under EUmIbOu By Hmyere Itwd 
Ajiglo-Dutch relations, 1H7I-T2L By Edwin W. Tiiklow. 

AttlmJcna.JapatR^ Intention* prior to the ml vent erf Terry. By. maw Nltol* 
l tHonlul society in America. Uy Bernard Mosst. 

French diplomacy and American polltica, 1704-86. By James Alton Jane* 

U;e InwirpentK or Hit. By D. R, Audenon. 

The NlH(T and the while iantis from 1M2S to 1833. By Baynor (1. \Ye]Uii K !nn 

e mrenin of 1B44 ** ns the origin of the Wdniot previao. By Clark E 
Pertttugttr* 

S“ a f, ** “ rJ * Mesto,D revolttEomtry By Isaac Jmin Cos, 

luihlie ((plnlriu tn Twins preceding the involution. Bj Eugene C Barker 
Helm Inn# of America with Spanish Amorim, 17B(M744. Bv II IY, V iVnj. 
jwrky. J 

’Hie genesis of the Con federation of Qanndji. By Cephas p, jhiik , 

Truce™] Inga or the eighth luumni cauferaiee of historical societies, 
l.int of EuropcHin historical enrletles. 

Twelfth report of Iho public Archive*, ctiaunlMttm. By Henman V Lbum 

chairman. ' ' 

Appendix A. Proceedings of the third animal conference of archivist* 
Aiiponitl* B. Report m [ho archives of the State of Otfontd*. By juama 
r. H’llJard. 

Apissodi* r. Llat jf cominlaKtciM and ImiriicUoiss io governors and Uni ten- 
mil Rovemora of American and West lodian Cni&nJett, 1«1&-1TSI 
1 ™P S fln Ann-tltmii history, Iftlt. By *5nnw o. (irimn, 
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Pal u me IL 

lSTIntbi rpj^rt ut the historical ntUQUBciiptu cmupilwltKi: O^m^ndea™ of 

jy^xnndtT Stepheua, llofrell Cnbbp “Ud Robert laonilm 

The report for 1012 Wgtt sent to the printer on January 31, 1014, 
and at the close of the year was nearly ready for distrihutmii. The 
contents arc ns follows: 

ftcpttrt o i flic pwfcedlnt* nf the twcnly^JgliUi annual moating of (he American 
eiMoiiCflJ AsajdfttTun. 

Import of the proceadlnga of the iilnili uttoual luecthiE of the Patifle coast 
bFnnclL By IL w. Ertwrad* aecrctnry of the branch. 

Royal dan urea of the reign of Henry lib By Henry !*> Qianofl. 

AnieoedeiU* ef the QoatltuOTito. By Henry O. Tnylor. 

The new Columbus By Henry t\ 

The charter of CoonwtlcrnL By Clarence W. Sown. 

The enforrcEDcttt of Lite silteii and addition net*. By Frank M vnrtpr^ia 
Tbe reviewing of historical books. By Carl Becker, 

Briefer papers read In conferences s 

A Libya as n held of research. By Orfc Bate* 

II. The liitffrnattnniil character of commercial history. By Ahholt 1% reiser. 

C, Some new ninnnserlpt sources for On? history of modem cntnmeim By 

K S. B. Gma 

D. The study of South Amorimn coamiorelal history. By Charles I* 

Chandler. 

On Uh flcanOAilcs of By Ulrich B. Phillips. 

l\ i hi the bbitory of pmmByhunliL lSlSMSGO. By P. Ormnn Bay, 
c;, flLutarictf resenixh In the for west. By Katherine Cornua, 

Frtteeidlupf of the conference on military history, 
l^icecdlPJ^ of the ninth annual conference of hMurirat PoeleHn: 

CkamLegy ami history. By Charles K. Holton* 

The Magsucbosettif Elttorfcsl Sodriy- By Worthington t\ Ford. 

Appendix: Reports of historical BOcletlen. 

Thirteenth n?|™ri nf the BuhUc ArclUra Commission; 

Appendix A. Proceedings of the fourth ctnniml cOnfettmHf of sjxhlvBU. 

Plan nod 8 C 0 JM? of :i * Hammi of Archival Kcontnay for the nee of Aim-rlrnn 
ArehlvistfC* By Victor 11* PalsltA 

SiiinM* fundu mental principles lu rein lion In archive*. By Waldu CL U>tanil 
The adnination of archive to public use. By Dunbar fruwhmiL 
Apiwttdlx IX lieiKirt on the archives of the State nf Louisiana, By Prut 
William O. Seram*. 

A |ijn niLIx C. BcpuJrt on the archives nf I he Slate of >lmiljm:i. By Paul C r 
Bhl nips, 

cldHifinl lint of publico lions of \hn American Historical A^xrinthm, 1SSS-J1W& 
Tenth report of the fctetorieal tiiunnwrlpts cnimnliwloti; 

Letter* e f f William Vans Murray to John Quincy Admus, tfUMSOB* EfiUtnl 

by Worthiogtoa O. Font 

PUBLICATIONS OF THE SOCIETY OF THE DAUGHTERS OF THE 
AMERICAN REVOLTTT[OX. 

The manuscript of flip Sixteenth Annual Report of the National 
Society of the Daughters of the Atofcric&D Revolution for thfc year 
ending October 11, 1^13, was canumtnkated to Congraks June Lft f 
1014 . 
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TnE SMITHSON UN ADVISORY COMMITTEE OK PRINT)N(3 and 

PUBLICATION. 

The editor has continued to serve as secretary of (.he Smithsonian 
advisory committee or printing anil publication. To this committee 
have been referred the manuscripts proposed for publication by the 
various branches of the Institution, us well ns those offered for print¬ 
ing in the Smithsouian publications. The committee also considered 
form's of routine, blanks, ami various matter* pertaining to printing 
and publication, including the qualities of paper suitable for text 
and plates. Twenty meetings were held and 121 manuscripts were 
acted upon, 

Uispivt fully submitted. 

A. Howard Clark, Editor. 

Dr. Charles D. Walcott, 

Secretary of the Smithsonian Institution, 



REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION TOR THE TEAR 
ndHQJDNE 30 , 19 U. 


To i the Board of fi events of th> Smithsonian Institution; 

Your executive committee respectfully submits the following re¬ 
port in relation to the funds, receipts, and disbursement^ of the 
Institution, nnd u statement of the appropriations by Omgrew for 
the National Miisctitii, the Inicrmitiomri Exchanges* the Biunenu 
Atnenran Ethnology y the National Zoological Park, tile Asirn- 
phyMcal OWrvattiry, uikl the InUuiLiiionid PaUloguc of Scien¬ 
tific Literature for the year ending dune :SO, 1914, together with 
hahinre.s of previous appropriations: 

SHTTMUflK IAN lSHTlTCTlOS, 


Conti tt km of thr frtml July J f 1914. 

The permanent fund of the Institution and the sourer from which 
it has l-een derived are as follows: 

llEMOSIlTD IN TEES] TBEASl'HT fHF Tl! K UKTTCD STATES. 


tft ^rollliikiU!. 1S*3-- --- - &ilfi r lA&Q0 

Eeskltiur? tegnc? of Stuithson. IfiGT ,_ _ 2*t,21CUfcj 

E H'[uijc|t froui RalvlngB of Inowne* WTT 1O&03QLfl? 

Request of Jana's TTnaiElnm. ISin, _ __ _ _ $1,000.00 

Amimn luted Intmwf cm ffiunilhm fuinl, lKia 1,000, m 

‘--— 2.000.00 

Request of SUitiCon Hubei. 1$$0__^ —-__ __„ ^ qq 

DejitritH from pnteeal? Of siile of IjoiMsl 1N$1 __ 00 

Gift of Tluuuus G* tledpklnft, 1891- ---- - 2911,000.00 

Fieri of tvsMunry Iihpney of Tfammij G. Hudgtlim* IS1H __ 8,000,00 

frcuu biivlo^i of Loco me. 1003__— ._ _ ^5.000 00 

Rh Ulnar? I tun vy of Ttionm* G. Hodfttt*, I!'»07 _,_ . _ 7 h 9is Gy 

Deport from mTltigs of iDCatae, _____ ip ^ 

K^iDOMt of WRUast Joaeti Rtwe*. 1&13- --- — .. j 2jii'&5 

tH'iKjsit si f pm-tieiltf from Kite of real cHtate (gift ijf Rebort 8ian- 

toa Avery 1, IfllA - - --———-— ^_, B.OR£_-|2 

Roqoi^t of Addlscm T. Held, 1101^., ______ _ 4,TB6Lii 

Depart iif 4i¥inp fnuji Jiuvme of Averj beqn^t. 1UH _____ _ ^fu. m 


Total EitmuLUi of fund hi liie United Shite?* Treasury _, 

ilTlIK* MBAOUHOIu 


and miurantef?0 founds of the West Shyre RnlLrwn] O 
part of Itpry of Tlumuu G. Hodgklni fjmr vftlae)_ 


42 , 000.00 


Tiitji I jHrmonmt fund_ 




Also three mull [ileces of xenl rithite located In Uio DIstrirt of coinmhT 
heqniti tiled by Rofrtrt seauiqu Avery, of Waidiluulim. t>. c n3 ™ JDL 


ami 


US 
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That part of the fund deposited in the Titssaury of the United 
States hcatu interest at ft per cent per annum, under the provisions of 
iho st;i uf Congress of August UK i£4ft, organizing ilie Institution, 
and the net approved March IS, 1894, The rate of interest on the 
West Shore Railroad bonds is 4 [>er cent per annum. The real estate 
received from Rotart Stanton Avery is exempt from taxation and 
yields only a nniiiinul revenue from rentals. 

tftnti'mrnt of rw-vipi* nwif dUhunrmrniH fr™ July 1 _ WS. /was *0* /SUJ, 

ausrm 


Ca^li oia July l. 1013- . - - J3S, 04i. 40 

Interest on fund dpp&ritint In I'nlted Stincs Treasury. 

dtto July 1 T and Jan. 1* 1014 - J|fF k m4.2B 

InUTvwt on Ww Sbnrt* RjilLrcmri btnula. due July 1. 

1013. and Jan. 1. IBM. ---- 1*080*00 

BepaymaitA, rentals* imhliHtUcn*, etr.. 0, <CjS r 14 

ContrtI)utU«n a from vu tinm j«hs repa for s| hw Luc pu rj h b^l 17. Stf, 20 

Deque*! iif AOdlJNiau T, Hekl____ --- 4.705.01 

-- 80, test &4 


154.023.04 


iKttDkt£iam 

Uni till n ^. <!Hte and rvfwilrs- -- - - . \« ■/» 15* JETS. 43 

Furniture and fixture*™ — - ---*---- 1, 7B& 01 

Crenm 11 ex pease* i 

Salaries. _ _ .. _,__ -.—_ *1A, UG0.T2 

Mre fl n y c _ -- --- -„ 102.00 

Stntloueiy ___.______ _— 743.25 

Postage feSi^niirti, and telepbme -- - tAU, ST 

FreigLE _,__.... . mat 

Incidentals* fuel* mid L L^lbli-i 1,«S2L2S 

OuFag*-___ _ __ __ __ 2*073.20 

-- 2K KM5* OT 

library __*__ _____ _ ______ 2, 300. 50 

PubUcationa ami tbdr tLluirltmUou: 

I'rmirJtutlcJLH lu Enovkl^. ____ $25. <X* 

II I sealift uixhi*i collections_ £t804. 28 

Reports _______ _ oi". t:i 

Ejterlrtl pnbJtcaHpUfl. . --- 4&4. Sft 

rijblli:d|Eun supplies- _.,—_-- - — 770.02 

.SiiluHt* ____........ fkOTLIS 

--— 14. 7001M 

Erplorotlajis. rasearcbea* pnd collet lima -- l ft* 142* 

ITodgklftti ip^ctHc fnndn ratenrettea* and ^ubJIeatlous — — tt^UOLSa 

EiiliTrtiLl1 1 j 11 til Kt rUm ng M _ _ _________ 1,7252 70 

Oullrry of __:__ 431.90 

Advances fur tteiii eiptiiM, —---- --- il.43i.40 
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Dfepftriifld li> lirvdll uf jyrmiqpwt f fltiil _ _ _ __ Oft 

LmkgJ^y At?r»*tlyrunjlk-nJ Laboratory. ___ 7t>3.73 


!H. I Kit. Ml 

Balamw, June 30, l&!4, tMtoalliid wSsu (lie Trtmi^ 

Met of Ihe Initial Sum™ __ __ (30,300.13 

Qiaab no bikini __ _______ ^fXl. m 

—-1&.ri2f.fU 

By authority your ex«ciUivu Lignin employi j -l Mr Wil- 

lium L. Ymger f ;i public accountant of thin city, to audit the receipts 


and tlbljursineutM of the Smithsonian Institution during the period 
covered by this report. The following certificate of exumu'i:ttmii 
supports the foregoing statement and is hereby approved: 

KjiiximvjE ( H oy iiLTru. Boakii or ItmcNis, 

^wkO fa a 1 milt ut iun. 

Bias: J Uuie tlae nccoanlii and vuUL'liaiv of tlie Kuilthuiifjiii lu-^tUir 

don for [Jill fiwsnl ykitr eiulllig Jlihf- lul l, nml certify til*? following to In.* u 
curi-wt KtatetueM: 

Toe el [ lU^HirHeiijeuEH. _ ____ firipOQB.si 

Tot el j mtlptd- ----— - ___ __ fnXflS£,5i 


Excmm of d Enina n^uM-nrs over rwelpti. 
Aluoi mt ftom J Lily 1. 11113 - --,- 


Bslum on hand June 30, lIH-t 

BiUmce utown by Tn-nyuiry Abtinntnii Jump S0 P 1014. 
Le*.* oufsuuullnjr etaefc* - ■ - 'r- __ - .. _ „. 

r **h otL haml. _ ...._ ___ 

Tnie t*n Lk ncti J pe 30. 1 Dl 4 _ _ _ _„ 


a, m. 27 

33. ftllHO 

- MMitiftaa 

- 31.7711,04 

4 410. St 

::ro. i;: 

Sno.00 


30,MQ, 13 


The voucher* rcjirc*tnlLnc puynacfil* from the SmlthsotilaEL during ihe 

year, i*mfa of which Ivan* the tipiwovul of Un- secret* ry\ nr, In h\n absent, of 
the aeiLii^ Mvretary, nni\ n irrtiilent*' that the injilerlnls noil wvrvicto vlmrgtil 
were upfiltal in tlw purpose* of tbe lusl Lt lit Son, tmv* tav-u ii.imlrinl In cxmnw 
lion wlfli the Iwmkn mf ibe Limi lint Ion and ngn-o with Ihekn. 

< Si El J ('ll > tVl LLI 1» t. Tlh ,n 

Jir^ttn^nr mut Auditor 

Airoiiirf 10v II»H_ 

c erl lfl*l n Inn? ^>|iy, 

W. 1 L Ailuib, 

Acwnicmi. IhHHmIUhl. 

All moneys received by the Smithsonian Institution from intent 
sfdrs, irfnnding of moneys temporarily advanced, or otlwrwise, are ’ 
iIc|Mt-ited Avitli the Treaatirer of the l%ile4 States t<> tf u > credit of 
the Institution, and all payments are made by t-heeks signtil |, v 
secretary. 

The expondi litres made bv the disbumtii' nireM 0 f h.., T. 1L . f ■* 
and audited by the Auditor for tba State ,md other Th ' ,rl * ^ 

reported in detail to Ckmgiwt «n.l will 1* fooml \l $* ”* 

document 
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Your committee also presents the fallowing Htnmn*iy of appro¬ 
priations for the fiscal year lflU intru-M by Congress tit the cure 
of (lie Smithson iun ImiituljuiL, bnlani'i's of previous appropriations 
at the beginning nf the fiscal Tear, ami amounts unexpended on .Tunc 
30. 1014: 


im fi£2!sZ£^£SS£r i ua ' ™" >««««>^ 

InirmiilJ imliI KrtWm! I <iL;| ..... 

IElEl’JtjilI fionill E uhUjAM ..... 

Am^ncnn hi tlLfirjEjtyy, iMSa 

AmfTkun Eihbolder, 11*13. . 

Albrrtnui Ethnology, Sill 

Artrn|*b y*kal OtiMhrttcrr, mi. T "^. 

Aflrujtby iiml OlwmiEtin Jvu 
M^picnj 01 KTTalfli}' r 1 !>l i.... 

Jitielutatk-i, p6nnua«ai bittnu ULrjru-i, ism j. 

TilElttuiUoji^I CtttalyEHn. ■.«]»„ .. 

Ttn^inmAtiib^i 1*1^::::::. . .*.. • ■ 

Icitrt-naiyinah’iUjIi^L^, S^ii Lr ... 

EUjnLnir* mil! n.itiun, mi. . . . 
r urgLl turn nui] Li i \\ it^: , i J L'j;i 
F urni cum snin^, llij i, ' r " " 

I If-jUog inAlWblinuf. nna.. . ." 

nmbviuuiliiebthwrivtt.. . ... 

(IfdtiELi: Mm 1 UpItafJSl |... 

sgaisgas: . 

:::::::::: 

Wwfo, iin... ; . ..... 

i, mi. _. r 

p«tMi. r M*it.„„ #+ . .. b .. 

Bulliltng pj]uiits h 1 !*I 3 L .. --- 

i>iiJdjiD£Tfl(iak]pl[m_ r .. .*■ 

BuMUie Knab r I l>! i. . . 
li N it'] \i\jl S i.l Jn luii ifltHq m.. 

hBltaiitSMJvliealp^k, IVtJ^ . 

N it cl.. Ei' lL Zoo\uzk*l Par L . luia: ' " " '' '' 

Niktlnu’jl Pari, i^H. 

SlTUrs ever ftM'k t’Wrk, S L .. lL™.j l ZjnrJ.ywj . 


AYaOa^ 

Bckiiini^ 

4fLfTJnJiT 

Ji tFl*' 

l t Lfia. 

Mt. 

4.00.'^ It 

1 jaJE 
.09 

do 

l.-nstaa 

Ml ^a 

1 45,31 

i, Ml 111 

1.ML7I 

I'i.OflfMM* 

3,576.® 

tr± -■> 

i mss 

L-.Hi. 1-i 

Ul, 43 

1 1. ftl 

7W s it7 

jj.muKi 

13,^77 

u; 

4 S£S ,0& 


3sa.n 

r.'nj.tiii 

SjULW 

1.54 

« I.IV4 

E M17.<C3 
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°f '•ttmutril fumm* from Hit ^Htltheanhtn ftmd and froui other 
Z ,r jw ****"* ' ' the flxetd 0ar ending .U,»r 


BuUhhv June ftO, 1014 _ ____ 

TD(i-rvMt on fiitNl In T Hlttti sutii -4 Traismy* 

|JUI^ July 1 , arn p pud Jan. I r iii]ri _ T __ ff^uso.oo 

on Worst &hv n 1 I£aa31 r< tRiS tnn^lm (lilt* July 1 + 1014 
iutEi juil i, ,__ _ __ p 

Rxcfiimgfe cefHjfiieQE^, ho jo uf i-uMkm limn, ivfuml cul- 
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T ' ~ ~- — i-j|i fvi 4 — _ 

inefiHiiii itir tf|kH. irtr |nnpcmu i2,40fi 0<> 
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Sfi, r^T. K I 
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Tv^.s] fu 11 y mi | ^ tvtL 

AT.r.XAxuKh (iRviivvi Bull, 
CoNNriiAY, 

WAainxoaDs, tl, c., 




































































PROCEEDINGS OF THE BOARD OF REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION FOR THE FISCAL YEAR ENDING JUNE 
80,19U, 


ANNUAL MEETING, JANUARY 15, 1014. 

Present; The lion. Edward D. White, Chief «Ju^ti«o of the 
United Status, chancellor, in the chair: the Hon, Thomas li. Marshall, 
Vico President of the United S tides; Senator A, O. Baron; Senator 
Jlenry Cabot Lodge; Senator William J. Stone; Representative 
Scott Perns; Representative Maurice Connolly; Representative 
Ernest W. Roberts; Dr- Andrew D. White; Dr. A. Graham Bell; 
•fudge George Gray; Mr. John B. Henderson, jr.; and the secretary, 
Mr. Charles D, Walcott 

The chancellor explained that this was the animal meeting 
adjourned from December 11, HU3. 


PKATH OF REtiENT. 


The secretary announced the death, on December 2S, 1M3, 0 f the 
Hon. Irvin S. Pepper. Member of the House of Representatives, 
who was originally appointed Regent in December, 10H, !VI1 j 
mi p| minted December 10, H118, for the ensuing two years. 

Mr. Ferris submitted the following resolution, which was adopted: 

W tM’rcji* Ole B«td Regents or tin* Sni It Irion I no Institution La Ting lenmed 

of tlje death, mi Dtwcuber Lii, i,u 3 . <«f the Hon. Irviu », Puppet Meaner or 
tin- Hoa*n> of RepriMStatlvea ntal a Regent «f the InttitutDn wimv DecemU-r 
1011 : Tlierrfoiv be It 

J?fvr<fr«l. That llsr board dettlro bore to record their morrow at Uu* L»#s .,f 
roWeatme win** natlmrij ilwiili termini!** a enreer ailed with promise 'L'! 
vlmsft Snt^reflt In tho afrnlfm of tbe I iiHllt Lit Ion Me him a iiiu#t Ealnablo member 
d tbe boiml, 

A FFQI STM E NT Or RE4 3KXTR 


The secretary announced the appointment by the Speaker of (] 

fullowing . Members uf the House of Representative: e 

The Hon. Scott Ferris, reappointed. 


Tile Hon. Maurice Connolly, to succeed Mr. Pepjmr ,lw,, i 
The Him. Ernest W. Robert to succeed Mr. John whoaa 

term nf office had expired, * J| w !loSe 
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proceedings op tne ssosirm 

EXEOUTJ YK COMMITTEE VAC A NOT. 

On motion, the following resolution was adopted ; 

RvtuJrtit. TMt ttui vncaiiL-y in tin* jmmiH*n$lil|» of tin* cumuli-** ainuullire be 
flll wl l>j- tie elwttuii of the Uml Maurice Coanolljr, 

ItEKOLrTION RELATIVE TO INCOME AND EXPE S'DITURH, 

.Senator Bacon. chairman of the executive committee, off t-red the 
following resolution, whii'li wits udtijitel: 

Nmlretf, rlidt tilt* iiunaa* of the InsUieUnn for the fljwsul y»r cadlng 
Jmtb* .so, lldfi, t« [ijifirvjtrtiii^] for tin* sr-n k'f of tlw* IniuittHUia, ti< a,* exiNMiik*.! 
t>>- the nwretniy with the .■silviti* of Ua< executive commit le**, with full <i:>*r»tli>u 
ua tlie jjurt of tlit* jwiriiiry uh to inane, 

ANNUAL REPORT Op THE EXUCTTITE COMMITTEE. 

Sennlot- Bacon, chaireuR* submitted the report of the upifivi 
committee for the fiscal year ending June ;«), linn. 

On motion, the report was adopted, 

anneal report on the permanent committee. 

Uodghm# fund ,—!This fund has undergone im changes since the 
lust repost. The following allotments have been made from it* 
re venues during the year: 

To Mr, C. G. Abbot and Dr, Augnirom fur conducting experi¬ 
ments in nocturnal radiation. 

By formal notion of the board, cert*in allotments were authorized 
for immediate use in inaugurating the work of the proiKwed Langley 
Aerixlvnjiniirnl r*aboratoi^% 

Tlie board will recall that in connection with the International 
Coupes* on Tuberculosis, held in the National Museum in 1908, the 
Institution offered a Hodgkins pries of Sl/iOO fo r the best treatise 
on " he Relation of Atmospheric Air tn Tuberculosi*.* Nearly a 
hundred papers were submitted, and after a most exhaustive exam 
motion of the essays by all the numbers of the adviswy committee, 
which for venous reasons encountered inanr delays, the award has 
been made, and the prizo divided equally between Dr. Guy Hinsdale, 
of Hot >prmgs, Va., for bis paper on “Tuberculosis in Relation to 
Atmospheric Air™and Dr. & Adolphus Knopf, of New York City 
whose essay U entitled “On the Relation of Atmospheric Air to 
Tuberculosis." 

A eery Jfgwtt^-Two of the parcels of land included in this be- 
‘jue&t have been sold for a total of $9,6SS.42, which sum has Imhiu 

, p “ l . to the credit of the permanent fund uf the Institution in 
Hu* United Staten Treasury. 
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Pffort ‘ bequest .—*The matters in relation to the settlement of the 
Poore i.'stiLte, which have hml the supervision of Ms*- Choate, hate 
piTOgresstd satisfactorily. 

A rt‘pnrt on the financial condition of the estate to Novemlier 15, 

1 ;i i;( ? |i lLr |x>eu submitted by the executor, Mr. ,Tolm J. Pirknnui. who 
says that claims against the estate are Isinp adjusted as rapidly as 
circumstances will permit- Your committee asks that the board 
refer the matter of final settlement to it with power to net Mr. 
FidiJjian reports tlmt the whole estate may ultimately umnunt to 
from $3i>,0W lo $40,000. 

Under the terms of the liequest, this is to be allowed to increase to 
$3r>0,000. the income of which will then become available for the 
purposes of the Institution. 

Rtmanh Corporation— During the past year the corporation has 
established the Cottrell process in a number of plants in order to 
demonstrate its commercial practicability, and new plants are being 
installed as rapidly as the engineering force can do the work. 

Other patents have been ottered to the corporation and are under 
consideration. Qua of these is for u concrete tie, which is now being 
thoroughly tested on one of the railways in southwestern California* 

,1 <h!i*oi\ T , ffrirf bequest .—In 1803 the board wan informed of a 
proposed bequest to the Institution from Mr. Addison T. lie id, of 
Brooklyn. N. Y., to found a chair of biology in memory of the 
testator's grandfather, Asher Tunis. The bequest was subject to 
the condition that the income was to 1*e paid in three equal shares 
to certain enumerated legatees until their death, when the prin¬ 
cipal of the estate, with accumulations, was to come to the Institu¬ 
tion, At that time the estate was estimated to l>e worth $10,000. 

Recently the Institution has been Informed of the death of one of 
the beneficiaries, and the trust created for her benefit, amounting to 
jct,7!>.V,U, has been paid to the Institution and deposited to the 
credit of the permanent fund in the United States Treasury. 

117/7 <>/ Morris Loch. —At the meeting of February 13, 1813, the 
Itoard’s attention was called to an item in the will of Morris Loeb, 
of New York City, in which the Institution is mode a residual legatee 
and is to receive a one-tenth share of the estate remaining upon the 
death of the testators wife. This legacy is to lie used for tlie fur¬ 
therance of knowledge in the exact sciences. 

The Luetf Hunter tialeil bequest .—Miss Baird, daughter of 
Spencer Fullerton Baird, late secretary of the Institution, diet! 
June* 11*, 1813. making provision for the Institution and National 
Museum in the follow-big items of her will: 

peortli- * * ' To the National tttuetiai In the City of Wiislilncton. 

D. CU all article* dryorttwl by mj- father, ttpenrer F. Pm Ini, my mathur, 
Maty TT. <*. Bidnl, or niywlr. la ha keeping or Hint of the Nmitiuoaiun IhmI- 
tutk.ii whb the exception of tin- *i«tlflc inau-sia u. the SatUhsoaian LunUtii 


PROCEED JUGS in- THE BEUENTB, 
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tlun contains In IMs will. If then- lie nay chum „t which i have made no 
olher dlspoaUion, of any value to tbr Museum, r ilwlre that It afajill be placed 
IlierelTL 

To tlH fc Saiftbsoiilim Institution ttao entiles ot my fiither’* own book* ccratnlnip^ 
hits r>«. I Id 111 fais inn liHmlivTitinjT, a Isa the books by Audubon or nny other work* 
mi natural blurry, oniiotntnl In my fiither's writing io bo kflpt forever In ji cus*- 
tOK^fbcf. 

To Hie National Mhhcuiu or to the SnUUtKHUun Inn LI tor Ion its my esoeutor 
aluill itwm best, any picture* or Who not otherwise disposed of, which they 
mny tletflra. 

* * • * * * * 

Sixth, Vim flu* rricuve nny parti®* of Oie aaiil trust eniuic by thv dujiiii 
of thei E«*M cntltEiMl to tin* larome therefrom, mileas othcrvrlwr [irovUW In 
a mi niiinijjb liri!] t I tfru, devise, nail beqiittiiJi Lli® Mitm* hi ifce Smltlioonl^ti 
Institution in Urwsl ns u fund us be known ms ia The Speltnwr FuUrrtuu iijtini 
fnuiL" the luterrat from whieli slum Ihj devoted g&der t.h« dim-Men of the 
SkuiOmcMiljiU institution to tin- expvcLtit* Sn whole or fa \wti of o seientJQi- 
esjihpmtloci nud blak^eul r^-uruh or for the jumihuse of specfiueiis of no turn I 
objctis or urchneologfrsLl Hpedmeii^ 

Th, ChiUiiherlahi nt.— YUe bite Rev. Dr, Lcnnder T. Chain- 
iK-iliiin, *.f New York City, married in 1«HJ Frances Lea, the 
daughter of Dr. Tsaiu - TjCO. of Philadelphia. publisher nni.l eminent 
naturalist, who hud made an extensive collection of fresh-water 
mussels iitul exhaustive researches into their life history. Dr. Lea 
died hi 1-Sttfi, k‘i|Lien,thing this collection to the Notional Museum. 
To his daughter lie left :i Jnrge collection of grms and precious stoni's. 
She died in 18!)4 t bequeathing this collection to the National Mu¬ 
seum. Mrs. Chamberlain took a deep interest in “the Isaac I*u 
collections" in the Museum, adding to them by direct gifts of spcci- 
mens and by money for their purchase. Upon Iter death Dr. Cham¬ 
berlain n.turned her trust in the Lea collections, and in consequence 
of his gifts and collaboration he was appointed 11 associate in inm- 
rmlogv” in the Museum. Upon his death (May 9, HUS) it was 
loomed that his will contained the following provisions in regard 
to the Isaac Lea collections: 

Kincnih. ! (five and Mareth to the Rmti.Inmnliiti Institution, lu the city of 
VVaniUiiKion urn) District of Columliln, the mini of twenty-five ilieiiraiul ilidliira 
it-WWOi, In treat, the same to constitute a permit tu-nt fund. which aboil ha 
known ua the " Frances Leu Chumberlnlu fund," the Income of raid faml lu be 
ns,il, under the direction of Use secretary of the Bean! of Regent* of said lu*t(. 
itKlixi. for (vomiting the I hem so, and the sclent lib- value amt usefulness. of 
i he collection of vunu a nd gwn mater Ini known ns the " fame Lea eoDwUoa " 
in the ik’biirtnienr. of minerals In the United State* N’uMomtl Museum, tbo said 
collection having b*ua chiefly collected and given by me in boner of Dr. Iki H c 
R on tmd Us only daughter. Frances L«i rlnimtiortiilu. 
f-Hcluh. l give and beqoeaih to the RinLtliaonlan Institution, [n Qn> dty or 
oniJ Strict of Columbia, the further sum of len thousand dollsr» 
1-10,0001, the snnie to ceastltnte a Uermnnent fund, which shall In* known na 
i In- "FruacH Lea chamherlaln fund," tho Income of raid fund tn be used, 
nnder Hie direction of (he secretary of Lhe Roard of Regi-nu of «uld Inst I hit Ion. 
tor protuoting the aclcatliic value aud tmefulnesa of the cdDecttob of moTIuslu 
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lnKrifU n* Uw H Issue I^n rollpctlolt/" In the ilpiuir intent of multmskji In utUi 

Slii K13j H>rs I. i ti t II fl till t kill. 


The Biter Fiteffemld hepuexL —Tli t will of Mr Fitzgerald, of 
PhibddpliJu, who died id 1911, tinted May ll) s 1P10, nod first 
brought to tl'iv nitairtioft of the iDSlilution in Mnrrh, lftl3, contains 
an item in which the National Museum is concerned, as follows: 


l givr. devil*, mil bequeuih to my executor*. bchHunftor mimed, nmj the sur¬ 
vivor i’f ibfim, orttielr In ibe trust all the rest, rn^tilm* rmtl ramlnder 

13f my estate, real, pcratiml. hiuI mixed, fun! whetroweverr sitmtev Including ntl of 
my portioon share, und Into rest lit the estate of wy Lute fuLiivr. Tlmum* fit.7,- 
gernkl. ficemmft* fcolli real* jn-rHouiil. and mlxrd. In trust nevertheless to Invest 
I he mine nml oeilevt the rrflls Interest, oml Jtwome iiii It iKtnieo, and ti?ty over 
the net Income thempf quarterly to my niece, tivmiiiine M:tmi Hubbard, du ligh¬ 
ter of my stater* Mftiid Hubbard, for nnd during tlio term of Ler natural life, 
tier receiiil slone to tan* samcleut rel^iyi? n nd dlsrhonre iberofor, uud so timt tbe 
Kime stmU not hv liable lor tho debt* nr ougagoiocrUH of smy liusbnod which 
my niece mny bflve And U{*m the decease of my si id niece. the principal mid 
jiih.tikhI Interest 1* to bo equally divided beftvrti her then sjurvlvltk^ obJld or 
Vhltslren in eqml shnjr^ to ibo i-vent Uiu decease of my «dd mie** without 
lea rtm a child or childron surviving her, then i direct dint tJjo principal of my 
estate, noil the lotvmt accrued thereon* sliulL bo given hy my executors and 
lrusted and Lbe survivor of them. or their suowwors In tnmt* to tin? United 
Slui*-* NallcniU Museum of the Smith arm km last] t lit ioo p Washington. D, C 


ThU part of the estate is appraised ai between $12,000 and $13,000. 

The Joseph Whit,: Sprague committee desires to re¬ 

fresh the memory of the Regents as to the terms of this bequest 
It will be recalled that in l'JOl the board's attention was drawn to 
the proponed bequest of Mr. Sprague, whose residence was Louisville 
Kv. His will provides that 85 per cent of the total income of the 
estate is to be distributed among certain devisees until their death 
and then to several of their relative* for 20 years after the death of 
the lust devisee, when the trust expires by limitation and is to t>e 

paid to the .Smithsonian Institute.. to be known us «the Sprague 

■ nnd. Its purpose is to tn^st promote the udviiniviucnt of the 
physical sciences, and only one-half of each annual income is to be 
used, the other half to I m added to the principal of the estate. In 
W1 it was estimated that the estate was worth $2Q0.0(rf. The terms 
imposed by the will indicate that the acquisition of the fund hv the 
Institution will he nt n remote dute. 

Expect fully submitted. 


JJAt on . 


AuTstANDim Gbahxm Bbu* 
John 

Cawug D. Wauvifrr, 

On motion, the report waa adopted. 

On motion of Senator Bacon, the secretary was requested to mih 
lish in his annual report u scepsis of the permnnent . ..nunitWa 
report. 



PnOCUEni JWH ftp THE RKnUNTS. 


127 


joiin u. iikndkkson MKiionrAi* 

The cotumittec appointed to prepare for the records of the board 
a suitable minute relating to the I site Regent, John Brooks Hender¬ 
son, submitted its report as follows; 

firxTucKEN: Your committee appointed at the meeting of May 1, 
for the purpose of preparing a suitable minute of the life and 
work of the late Hon. John B. Henderson, a former Regent of the 
Institution, begs to submit the following: 

John Brooks Henderson, doctor of laws, a me inf sen of the Board 
of Regents of the Smithsonian Institution from January 2(5, 1892. 
to March 1, lflll, was born near Danville, Vu.. on November 10.1820, 
and died at Tnkoma Park, D. C-, April 12, 1913. 

For 10 years, until failing health compelled him to retire from 
active duties, In* hud a deep official and personal interest in the 
activities uf the Institution, serving during that entire period as a 
member of the executive committee, for 13 years its chairman, and 
for 1“ years as a member of the permanent committee. Ills sound 
judgment and wise counsel ns a jurist were of great assistance to Ids 
associates in their deliberations on important mid perplexing prob¬ 
lems of policy and administration, 

At an early age lie moved from Virginia to Missouri, where he 
received an academic education and supported himself as a teacher 
while studying law. He was admitted to the bar in 1848 and in 
18p was honored with the degree of LL. D. by the University of 
Missouri. I 1 rom 1848 to lBit he served in the State legislature: was 
president!til elector in I8«>b and 1860| I_nited Sbites Senator from 
January 29, I8fJ2, to March 3,1809: commissioner to treat with hos¬ 
tile Indians in Ikfil; T uited States district attorney in 18TD; and 
chairman of the Chicago convention In 1881. In 1881 he organised 
a brigade of Missouri State Militia and was unpointed briiradier 
general. 

On January 11, 1864, after conference* with President Lincoln and 
without the knowledge of any other person, Mr. Henderson pi'esented 
in the Senate the joint resolution abolishing slavery which after¬ 
wards became the thirteenth amendment to the Federal Constitution. 

do 1S90 he moved from Missouri to Washington City, and resided 
lliere until hh death, leading a life of retirement, although taking 
interest in public matters and pi 11 !anthropic work and in the 
iilFatrs of several scientific and patriotic organizations of which he 
was a member. 

Mr. Henderson was n lawyer, a statesman, a soldier, u financier, 
and ill all these callings he was successful The secret of Ida suc¬ 
cess was an alert mind, a natural executive ability, strong will, 

courage, and an independence that fixed his course though he walked 
alone. 
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During his long life Mr* Hendereon enjoyed an intimate iricnd- 
eliip with many men eminent in the social, political, und business 
lift- of the Nation, all of whom held him in the highest esteem, 

lie was one of the mm who mukt- history, and in his death n highly 
honor aide career was brought to a dose. 

Respectfully, 

Gto, tlRAT, 

JL C- Lufasu, 

Charles D. WALCtftr* 

On motion, the rejant was accepted. 

K til.'It K l x U Y S ANN L A L It l TOUT. 

The sei'retnry presented his in-put on the operations of the insti¬ 
tution for the Hs4 jil year ending June 30, 1913, 

In regard to publications. he said : 

-The publications hotted by the Institution and its branches mucc 
the lust annual Juratitig of tin 1 board aggregate about Ij.5i) 0 printed 
page* covering the usual wide range of topics, and there have been 
distributed about 100,000 copies of pamphlets and bound volumes. 

“ The Institution proper publisher! 40 papers in the Smithsonian 
Miscellaneous Collevhofis; the annual report for I9B, and pamphlet 
copies of Its papers from the general appendix of that volume. 
The Bureau of American Ethnology t^ned an annual report and 
three bulletins, and the National Museum publications included 
papers from the Prodding?* un annual report, and a number of 
articles relating to the National Herbarium. The results of observa¬ 
tions and experiments by the Astrophysics*! Observatory for 1907 
to 1013 are recorded in Volume III of its Annals. 

“ One of the bulletins of ihe Museum prepared by Assistant Sec¬ 
retary Tiuthbuu gives an interesting descriptive illustrated account 
of the new building erected more especially fur the natural history 
departments. A paper ill the Ms sod I anew as Collections gives the 
results of experiment to determine the influence of the atmosphere 
on our health and comfort in confined and crowded places, f ruin 
which it appears that the essentials for good ventilntion are Jiminli 
to heap the air in motion, comfortably cooled, and containing the 
proper degree of moisture, its actual chemical purity king of minor 
importance. 

/• Among important works in preparation I may mention a rom 
ptele list of publications of the Institution and its branches i" 
establishment the list including about 12,000 titles of articl^" " r 
volumes*” LS ftnt * 

On motion, the report was accepted* 


iTtOCEEDlNOS OF the BEItESTS. 




THE SECRETART'S STATEMENT, 


The ftcreiiirv imide personal statements as fallows: 

Ldnyh'tj Omij exerviseg.—Thts exercises arranged far Langley Day, 
May 3, lOtS, too conducted ns OtttJined, and a printed account of the 
(teension, which included the presentation of two Langley medals nnd 
ill® dedication of the Langley memorial tablet. Inis iwn sent to t'uch 
regent. 

Langh tf Aerodynamical Ltiboratonji —In accordance with the. reso¬ 
lutions adopted at the meeting of the board on May 1.1913, authoris¬ 
ing the. reopening of the Langley Aerodynamical Laboratory and the 
enlargement of the same, I addressed a letter on May S. IMS, to Pres¬ 
ident Wilson, asking his approval of the cooperation with this Insth 
tution of the Departments of War, Navy, Agriculture, and Com¬ 
merce, to which the President replied ns follows: 


The White HoutdL 

Wmktofftim* Jfatf i>, jwa, 

; r 1 lp 5 Mc ' WArnm : Allow iue t?i EckMv. Ti^Kf 1 tins r&eijpt of yoitr r.-tter of 
* Xliy * * nrt * u t|l3lt 1 tut* [tti^bure In ttunlin^ copies of your to 

1,10 Swretorice of War, Navy, Asrfcnttam cutil t'mnmerc^ wtpTHKlag my full 
iipiirovit] nt* tLi, ■lt«!gnntb>n <if rcprc^uLniin-K „t thuee deputnrtnttt ojwn the 
muitnltter which yui are forming fur (he utmly „f ihe aubj^l «f .. . 

imdcr the ... Him |b«M at Kejrontu of the SmiUMlmi iMtltmlou 

mhv i + liny. 

CotllUlI^ imil slfieercJy, ymns. 


Dr. Cmaelek Walcott, 

f f hxnn Uut Innttt If 


Wmij£0w WiLffiijf. 


Representatives were thereupon designated by the heads of the four 
departments mentioned, and on May 23, 1913, the first meeting of tlie 
advisory committee of the Langley Aerodynamical Laboratory was 
held at the Institution. The present membership of the committee is 
ns follows: 


Brl*. (Jeu. < Sunrise I\ Kerri ren and 3 I«J. tfclmir Bimaei. War Department. 

• njit. W. I. ChflinlMTH and Naval Foma rector II, c. ICtctuudBan, Navy Depart* 


Dr. IV. ,t. Hamrhrey^ Department of Agriculture (Weather Rumm). 
Dr. S, W. Stmt ton. IVimrlmeit of i.'onuucrce i Iliireini of ShndnnlM 
Mr. Orville Wright. 

Mr. fiJenn If. CurtHis. 

Sir. Jubn Ilitys HadiiiiiiwI, jr. 

Oof. Saimiel Better. 

Dr. Albert F. Xnluu. 


Mr. Cbarlw D, Walcott, secretaryof theSmltlumnlaa rnrtltutloo, chairman. 
Included in the organization of the advisory committee was tho 
of * 8 snjopramittfes, covering practically every phase of 
- ,l Ulc U0 ^ k - ^ lt}l tliejr membership recruited from the Icad- 
22?, * H 4 0Ver th * **»&*?> these stihcommiltces enable the 
’ ^ibonitorv to command the most authoritative ad rice and 
assistance obtainable 
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As a preliminary step in starting the work of the laboratory, Dr* 
A* F, Ziihm, the recorder of the advisory committee, was sent to 
visit ilio principal Aerodynamical laboratories near London, Paris, 
and Gottingen, in company with Assistant Naval Constructor Jerome 
C- Ilunsaker, United States Navy. 

Dr. Zahrirs trip proved most satisfactory, and his report will con¬ 
tain valuable data for the committee. 

Three meetings of the advisory committee have been held, and its 
work has progressed to sticli an extent ns to render necessarv the 
transmission to Congress of an estimate for an appropriation of 
which received the President’s approval. There is also need 
for a tract of land and water near Washington suitable for tests with 
experimental air craft, und, as chairman of the advisory committee, 
1 requested the President’* approval of the use for this purpose of the 
portion of Potomac Park east of the railroad embankment, which 
the committee believes to be the best site for the purpose. It up 
pears however, that in the opinion of the Wnr Department, author* 
ity for such use of the park rests atone with Congress. 

Fttrr tjHltery of mi!.-The secretary exhibited elevation and door 
plans of a proposed building for the art gallery to |« ciwted by 
Mr. Charles L. Freer for the collection* donated by him to the In¬ 
stitution. stating that a trust fund of $1,000,000 had been set aside 
by Mr. Freer for it* construction, * 

In answer to inquiries the secretary said that the collections were 
now thought to represent an expenditure, exclusive of the building 
o f about $1,750,000. gi 

BuMbiff for urt #!>}**#.-1*rgv numbers of art objects arc feme 
received by the Institution almost weekly for the Notional Gallery 
of Art t rgent neceaity exbls for a proper place for their rare 
and exhibit, as the space now devoted to their use hi the new build" 
ingof the National Museum is more and more needed for the natural 

TV *r? ' irt ohicc,s re ' Hv “ !ni «»im ;, f 

about * l ,000,000, and 1 wish to urge upon the members of h. 
lHs.nl the importance of ft very early consideration of the nuestion 
of requesting Congress to provide for the erection of wyrjr 
adequate for the national art collections. g 

EvpcJitiemr-Tht various expeditions under the auspices of n 
Institution, concerning which reports have been made to the I . i 
from time to time have, with few exceptions, been completed 

Bornro czpefiUi on.—This expedition is still In th* in V. 

L. Abbot.. , coUobontor ol d* HU * 

for its expenses, and under his genera] direction tho n :' W0 
Ww cwrird on by Mr. II. C. R,v,„. -IVo Z ' , » 

received by the Institution, that include 557 ' JUl •' have been 

with skins and *kc1«.»loris of erorodiles and p nnt i,! ^' V m birds, 
expect.:; to remain in Borneo for another war ' ' ^ r * ®® v *a 


PftncEEDixns or the rrgentb. 
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Hn tilth Colvmbiit. expedition.- —The Secretary briefly reviewed his 
field work and studies in Cambrian geology during the summer of 

ms. 

Motor radiutitm expedition —Mr, C. G. Abbot, Director of the 
Adtophysicsl Observatory of the Institution, spent several months 
in ( ulifomin during the summer and fall of 1013, in continuation of 
studies on the variation of the solar constant The special work 
of the year was in connection with the variability of the brightness 
of different parts of the sun, A tower telescope was constructed on 
Mount \\hitney (if..'>00 feet) and numerous oliserva lions made, 
which it is hoped will furnish an independent check on the varia¬ 
tions to which the sun now appears to lie subject. As a further test, 
of the result* obtained and to overcome any object ions that might 
be made in scientific circles as to their soundness, Mr. Abbot devised 
u special self-recording pvrheliomrter which may be attached to a 
sounding balloon and sent up entirely free from any connection with 
tliv earth to the greatest height to which balloons may penetrate the 
atmosphere. Five such instruments were constructed at the Astro- 
physical Observatory in 1913, and, with the cooperation of the 
I nited States Weather Bureau, they were sent up by observers of 
that bureau from Catalina Island. Cal., about tlu* end of July. AH 
were recovered, and although the apparatus lmd been untried up to 
that time, three of the instruments gave valuable records, taken nt 
altitudes as great as f.0,000 feet. These observations have not yet 
been definitely reduced, but the preliminary results indicate dint 
just such values were found as will confirm in a very satisfactory 
manner the conclusions already reached. Some of the balloons as¬ 
cended mcr 100,000 feet {19 miles), but owing to the intense cold 
no records were made, the mercury in the Smithsonian pyrhdiome- 
ters having frozen, The lowest temperature recorded bv the instru¬ 
ments of the Weather Bureau was TO 4 F. below zero, which is far 
lower than the freezing point of mercury. It is expected to renew 
the experiments next spring, when measures will be taken to prevent 
the freezing of die mercury, and it is hoped then to obtain tempera¬ 
ture records tit altitudes of 100,000 feet or more. 

Biological, troi-h in Snrth * hum. — At the animal meeting on De¬ 
cember 12, 1012, the board was informed that Mr. A. de C. Soweity 
was making collections in North China for the National Museum, 
through the liberality of a gentleman who desired that his identity 
be not disclosed. Tim sumo condition prevails now. 

Mr. Sowerby has recently notified the Institution of tlm shipment, 
principally from Manchuria, of 121 specimens, including squirrels, 
hog drer. moles, voles (a species of mouse), rata, chipmunks, shrews, 
hedgehogs, weasels, and badgers, many of which are thought to 

new species, H<. will continue his exjiedition in North and West 
Mianm and in the llcMung-ehniig region of Manchuria. 
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Extension of National Zoolotjied Park .—The sundry civil act for 
Lht! fiscal year ending June 30, 1>1I, approved June 23, 1913, con¬ 
tains an item of $107,200 for the purchase of the land lying between 
the present western boundary of die Zoological Park and Connecticut 
Avenue, between Cathedral Avenue and Kl ingle Boat). This ex¬ 
tension will give the park a frontage of about 1,750 feet Od Con¬ 
necticut Avenue and a considerable area of quite level land much 
needed for paddocks for bison, deer, and other ruminant animals. 

The proposed purchase embraces over 10 acres, and will bring 
the total area of the park to about ISO acres. 

Work under the Ilarritnati (rust fund .—Under the special trust 
fund of $12,000 per annum established by Mrs. E. FT. Harrimim 
for his investigations in natural history and ethnology, Dr. C. Hart 
Mermm is conducting research work in Washington, P. C*. and in 
California. His principal work during the year has been on the 
Big Bears of America, a group he bus Wn studying lor upward 
of 'J0 years, and concerning which he now has, n monograph nearly' 
ready for publication. In furtherance of this study, specimens have 
been genci'OUsly placed at his disposal, not only by numerous sports¬ 
men and hunters but also by all of the larger museums of America, 
including the Government museums of Canada at Ottawa and 
Victoria. 

A'.r(trd of Louhat Prise to [>r. John It. Staunton, — In Igfl® the 
Stuc de Iajubat founded two prices tu be awarded every five years 
for— 

- Tlie last work printed and published in the English language 
on the history, geography, archreology, ethnology, philology, or nu- 
miEitmttcs of North America. The competition for such prizes shall 

open to all persons.” 

Dr. John R, Swan ton. ones of the ethnologists of the Bureau of 
American Ethnology, has recently been awarded one of these prizes, 
which carries with it a money consideration of $400, for his two 
works published by the bureau entitled ^ Tlingil Myths and Texts ” 
and u Indian Tribes of tins Lower Mississippi Valley anil Adjacent 
Coasts of the Gulf of Mexico.” 

Exhibite .—After informal re-marks, in which Vice President Mar¬ 
shall urged an appropriation for preserving the language of the 
Miami Indiana from extinction and Dr. Bel] spoke of Mr. Abbot’s 
work in connection with the reduction of the solar constant, the sec 
rotary called the board’s attention to some special exhibits of ;m- 
thropolcgicai, mineral, and biological material in tho adjoining 
rooms, which also included the pyrhebometer used by Mr. Abbot. * 
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ADVERTISEMENT, 


The object of tlio General Appendix Uj dm Aimuid Report of the 
Smithsonian Iiifititiitton is to furnish brief accounts of scientific dis¬ 
covery in particular directions; reports of investigations made by 
ooBaborators of the institution; ami memoirs of n general character 
or on special topics that are of interest or value to the numerous 
correspond cnLs of the iramtutituL 

It lias been a prominent object of lho Board of Regents of the 
Smithsonian Institution, from a very early date, to enrich the oimtud 
report required of them by law with memoirs illustrating the more 
remarkable and important development^ in physical and biological 
discovery, iL s wall m showing the general character of die operations 
of the institution; and this purpose has r during the greater part of 
its history, been carried out largely by the publication of such papers 
ils would possess an interest to all attracted by scientific progress. 

In lSSfi the secretary, induced in port by the discontinuance of an 
annual nummary of progress which fur years previous had been 
issued by wetl-Jcnown private publishing firms, had prepare! by com¬ 
petent coBaboratora a series of abstracts, showing eoricdaely the prom¬ 
inent features of recant scientific progress in astronomy, geology, 
mHeornlogVp physics, chemistry, mineralogy, botany, zoology, and 
anthropology. Hue latter plan was continued, though not altogether 
satisfactorily, down to and including the ymr ISSH. 

I is the report for 1SB9 a return was made to the earlier method of 
presenting a miscellaneousselection of papers (some of them original 1 
embracing a considerable range of scientific investigation and dis¬ 
cussion. This method has been continued in the present report fur 
IlUi. 


135 





THE RADIATION OF THE SUN. 1 


By l\ G. An dot, D. Sr., 

/>iWnr I film}ibfrintl f M.ii-mj tury , A'trt J>AjrrxPi i«i m /fjj fvfl , 


|Wltk 4 }jlait?i.| 

It is really extraordman how much has boon found out about 
tho sun, when it Id c unship red that lho siiei lies at the immense dis- 
timco of {*3,000*000 miles. There are various methods of ascer- 
taining tho distance of the sun, resting upon extremely diverse 
foundations, bq that the close accord of their results to within about 
one-tenth of I per cent gives us great confidence In the accuracy of 
tho mean value. The angular diameter of the sun is uLse known tn 
& great accuracy, and from this and the distance one determines at 
once that tlia diameter of the sun is 865,000 miles* How great this 
b as compared with Lhe diameter of the earth—7 s 91S utiles! From 
a conslderuliun of the motions of the earth and the moon it is found 
that tho inass of lhe nun is 332,800 times the mass of the earth- In 
accordance wuli this, tho gravitation on tho suit is enormous com¬ 
pared with that upon tho earth, so that a body which weighs inn 
pounds at tho earth's surface would be pulled toward the center of 
the sun from the sun's surface with a force of nearly I | tons. 

In accordance with the measurements of the diameter and the 
mass of tho sun, it follows that tho average density of the materia] 
composing the sun is very much less than that composing the earth. 
In fact, it comes out that the sun's material has oidy L41 times tlio 
density of water, whereas the moon density of the material composing 
ilbo earth is 5-5 times the density of water. Notwithstanding this 
remarkable fact, it. has been shown by spectroscopic work that the 
heavy metallic elements, such as iron, nickel r z.inc, tin, copper^. and 
others, occur in tho sun as well as in tho earth. Tim explanation for 
the discrepancy of density between Lhe two bodies lies probably in 
die very high temperature of the sun, m that the elements found 
thare are in tho form of gases, whereas upon the earth they are in the 
form of solids Wo shad return to this fact later. 

a ttt Llwi EMteLlj^ of tl» Sucl lorn of \hy%iLS ami OHfflftltiy lasJd Tluarnlay, Jan. S r 1 BN. JUi- 

priDliMj by juTrajUilfiu from tbn Journal of TB* Franklin iiMtatite, Juit, i!*u, 

] if. l ub I'i l M Imni Tlk; XiETujthj-OcJ Journal, by pcmitafkifi of Thu Uah w&j of Chto^u Piwpl 
T*±\ flj, | ; f\g. 3 , pL li 6CW | |4a, a a& j j V9 fram AMut'i Tt» 8 rtH, by pcrmtokixi of 1 C AppfcHna A Ccw 

137 







138 ANNUM. REPORT SMITHSONIAN INSTITUTION, 1DH. 


An viewed through the lelvsropr. ill® sun at first sight is a very 
disappointing object as compared with the moon. NVverLhrkss, 
there is mu fit of interest to be aeon. there. In the illustration (pi. 1, 
fig. 1} we see a direct photograph of the gun its obtained by 
Slocum, of tho Yerkcs Observatory, on May 18, 1910, Several 
interesting features may he pointed Out. In tho first plan*, note 
the falling off of the brightness of l lie disk toward the edges of the 
sun. In tho second place, one sees in tho original photograph all 
over tlio sun'* surface a sort, of mottled appearance, not very dis¬ 
tinct, but yet interesting. In the third place, in tins particular pho¬ 
tograph, appear some dark spots, called sun spots. Sun spot* were 
discovered by Galileo in the year ItrlO, soon after tho invention of 



tho telescope. 1 They art! 1 distinguished by dark central parts, called 
the umbra, surrounded by a fringe of less darkness, called tho pen¬ 
umbra. The spots shown in tho illustration are very large ones 
although they scorn very small ujjou the surface of die sun. This hi 
because of the immense diameter of the sun itself. Tho earth miahi 
be dropped into one of these sun spots without much more than pM?..,, 
the Umbra, leaving a generous spare for the penumbra outside of it 
It was found by Schwab®, about tho middle of the nineteenth 
century, that sun spot® occur most plentifully in period of about 11 
veam between maxima. Tills may bo seen by the diagram (fie n 
in which the second curve represents tho prevalence of sun ° ' 

according to tho so-called sunspot number* publisher] br ivT^ 
Tim two lower curves represent, respectively, variations in the 


< mu lari tw mm wit* I hr EiiM | h4t | L ^ 

W£fk tklllilLj'lj - ft# ft Iftkr iflzuiiinHKtll. ^ 
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Plate 1. 
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Fiq. I,—Direct Solar Photograph iSloc^m-. 



Fig. 2,-Solar Corona. Mav 28 f 1900- 

(Fiom 4t»w|&tbj I'.R. CiiJvtTi (fi^sti |4ibc<^n.phfl bjYcrkci ObSWmtoiT K'IIphj 

EiqKdltblL) 
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Plate 2. 
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magnetic declination and m the firth's pjAgnetie force for the i-oire- 
eponding years, h will be swu how exactly the sun-spit curve Ls 
reproduced in these fluctuations of the earth's inagiuniMiit, hut the 
Califfi) yf the connection which is so apparent L» nut vet well under¬ 
stood. In the upj>of curve of the figure are represented the depart¬ 
ures of temperature for the average of 17 stations in the United 
Status, niul there will bo sceu t id though not wo plainly marked, an 
apparent, influence of the aim spots on the temperature of the earth. 

Recent work, nuirli of it at the Mount Wilson Solar Observatory, 
has given ns a good insight into the nature of sun spots. They 
appear to ho whirls of material coming outward from the inner layers 
of the sun toward tho surf arc, spreading out there like a waterspout. 
The attending decrease of pressure on the gases eam^ea a 

full of their temperature, so that the sun spots are cooler than the 
surrounding parts of the sun, and this is the reason why they seem 
dark. The whirling matter contains electrical charges, which, by 
virtue of their rotation, give rise to magnetic fields, as shown long 
ago by How land. The preaeuco of magnetic fields in sun ^pots furs 
recent!}' been esLahiishcd by Hale. 

At certain times tlie moon interposes tatween the earth and the 
spj ami cuts oil the smiUgbl. mo that Wo are able to see the objects 
which are surrounding the sun and usually lost by the intense glare 
of the sky. Such occasions are called '"total solar eclipses," As 
the moon is but little, if at all, greater in angular diameter than the 
sun, the cone of shadow cast by the moon only a little more than 
reaches the surface of the earth, and sometimes, indeed., fails to reach 
it at all. When the cone readies tlie earth's surface, and we have a 
total eclipse, there will he a belt, not more than 200 luilcs wide, but 
sometimes several thousand miles long, upon the earth's surface, in 
which the total eclipse limy he observed at Koine time of the day. 
Frequently the belt of totality passed over inaccessible regions of ilia 
ear ill, as, for instance, the North or South Pole, or falls upon parts 
of the ocean where it b impossible to use dedicate melrumeiitH, The 
longest possible period of totality aL any one station is Sevan minutes, 
and in general the total eclipses average about three minutes in length 
Thus only a very little time can be used in eclipse observations, and 
yet the information to lx 1 gained at such times is so valuable that 
observers often spend months in preparation amt travel thousands 
of miles to observe them. 

Figure 2 of plates 1 and 2 show the total eclipse of the sun. The 
fipMt is from a drawing of Calvert prepared from photographs by 
Yerkea Ohaervatoiy observers at Wade* borough, N. (J. r in the year 
1900, and the second is from a drawing by Mrs- Abbot from plalca 
of the eclipse as photographed by the United States Xaviil Observa- 
tory parties in Spain and Africa in the year 1005. In each photo- 
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graph will U* seen the corona, so called, a pearly object stretching 
out in beautiful farms to a considerable distance outside the atm. A 
great change, however, apparently occurred in its form between the 
year It tun arid the year ItHJJj. This change is shown by other eclipse 
observations to 1 h> characteristic, and to always accompany the 
change from sun-spot minimum conditions to sun-spot maximum 
conditions. At sun-spot minima the solar corona extends in long 
equatorial streamers, while at sun-spot maximum the corona, though 
somewhat brighter, is not so extensive in any particular direction, 
hut si retches almost equally iii all directions. 

Close up tit the herder of the sun there are also seen, at limes of 
solar eclipses, bright red flames, called prominences, which are due 
to the gases hydrogen ami calcium, with sometimes an admix hire 
of other chemical elements. These beautiful objects sonic times reach 
above the surface of the sun as much as 500,000 miles, and in some 
instances they li&vo been observed to shoot up to such immense 
heights as this within 10 minutes of time, f"say within KJ minutes 
of time, which implies that they may be seen at other times than 
during total eclipses. A method of observing them by aid of the 
spectroscope was devised independently by Lockyer and Janssen 
immediately after the eclipse of 1868, and nowadays many observa¬ 
tories examine theta even' day. A beautiful prominence Is shown 
in plate 3 as photographed bv Slocum at the Yerkes Observatory. 

It. would liavc seemed hardly credible to the contemporaries of 
Sir William, or even of Sir John Heracluil, tlial the male rials of which 
tlu- sun and slars arc composed could ever be known, but by aid of 
the spectroscope much is learned in this respect. White light may 
be thought of as a complex mixture of vibrations of the ether, su 
called; that medium which is supposed to fill all space, including the 
interstices between the atoms and molecules ( ,f material bodies. 
When light passes through a prism of transparent substance, the com¬ 
plex vibrations are decomposed into their component parts, and we 
see I lie spectrum, in which the culurs are arranged in Qi t . on j f , r 
vinlet, indigo, blue, grern, yellow, orange, red. The spectrum Ls ly 
no means limited by the end of the visible red, or by the end of the 
visible violet, for rays which may be photographed, and which pro¬ 
duce heal when allowed to shine upon blackened ffubetances exist 
both beyond the red and beyond the violet. The**' beyond the ted 
are tailed infra-red, and those beyond the violet, ultra-violet. The 
ultra-violet rays may lie readily photographed, and by specially 
staining photographic plates, w ith organic dyestuffs, it‘is po^ibfe 
also to photograph a limited region beyond the visible red. Furtlier 
progress in that dinctiun, however, must bo matte by delicate elec¬ 
trical thermometers or other licat-measuriug instruments 
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When tbe chemical element sodium or any of its compounds, like 
common salt t for instance, is placed in the Hume, and the light winch 
is given out is examined in tho spectroscope, it is seen to consist 
of ii couple of bright yellow lines. No general extension of the spec¬ 
trum to include the green or violet is seen. On the other hand, if one 
observes the spectrum of the limelight or the electric arc from carbon 
poles, it L> seen to give a long hand of color much like the solar spec¬ 
trum, except that, whereas in the solar spectrum a great number of 
dark lines are seen under good conditions, In the spectra of the are 
light or of the limelight these lines will generally be absent. If, 
however, the vapor of metallic sodium ho caused to intervene between 
the source of light and the slit of the spectroscope, two dark lines 
will be seen in the yellow, corresponding in position to the two bright 
yellow' lines w T hicb are found by observing the light from heated 
sodium, or heated common salt. In short, the yellow light, is a I*- 
sorbed by the sodium vapor at the very positions in the spectrum 
where that vapor would itself give of! light if strongly heated. The 
same Ls true of iron ami other metals. The spectrum of iron is very 
complicated, consisting of a great number of line**, many of them 
in the green* If the are light be caused to play between iron poles, 
these bright green Hues will be the main features of the light as ob¬ 
served in lire spectroscope. Some of these lines are very strong, 
others finite weak, so that there h often a well-marked distinction 
between one line and another, not only us regard* it* place but also 
ns regards its intomity in the spectrum. 

Now* it is found on observing the sped rum of the *unUght or star¬ 
light (hat the dark lilies arc found in the same relative positions, 
and generally of nearly the same relative intensity, ns in the bright 
line spectrum nf the chemical elements themselves. In this way it 
h possible to determine what idem pats are found in the sun and the 
stars, a] the ugh these bodies are so immensely distant from us. In 
this way we know that more than 40 of the ordinary chemical ele¬ 
ments found upon the earth exist also in the sun, and the existence 
of about 20 mom b doubtfully indicated by the solar spectrum. Not 
only does the approximate correspondence in position and intensity 
of the spectrum lines of the sun and of the chemical element* el* ob¬ 
served in the laboratory yield this significant result, hut the slight, 
deviations from exact correspondence in intensity and in position «f 
the spoet rum lines yield other fact* not less remarkable* For ins I ance> 
it was predicted by Doppler and observed in ike laboratory by Princo 
G&Utzcn that the motion of a source of light toward the observer 
displaces its spectra! Hue* toward the violet, and, contrariwise, the 
mol inn of the source of light away from the observer displaces the 
spectral lines toward the red* Tins effect is very noticeable in the 
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soht «pt*tn im if one takes ih* lighl from the east »nd west Hmha 
of the siiiu There* is a displacement of the linps oi the two spectra 
with respect to one another. depending «[» tQ the fact that the one 
side of the sun is approaching the earth and the other side receding, 
by virtue of the rotation of the sun on its own ax«. 

It had long been known that the snn rotated upon its axis, be¬ 
cause of the behavior of sun spots, which march across ihe disk of 
the sun in a period of about 14 days.' Jhmer, Halm, Adams, and 
cithers have observed the rotation of the sun by means or the dis¬ 
placement of the spectral lines. The curious fact that, the surface 
of the sun rotates with unequal velocities, largest at the equator 
and smaller as we approach the pole's of the sun in either direction, 
ha«l been noted from sun spot observations. This peculiar rotation 
behavior of the sun s surface was investigated much more thoroughly 
bv Adams, who followed the rotation of the sun up to solar latitude 
Ilf 7,V\ Ho found that the period of rotation, as determined by thi' 
majority of the spectrum lines, varied from 24.6 days at (he equator 
In 33.] days hi latitude 75", However, the element hydrogen, which 
b situated high tip in the solar atmosphere, indicated a much more 
nearly equal velocity of rotation at differing latitudes. The values 
range from 23.7 days at the equator to about 26 days til latitude 75°, 
jknntiw cause of the displacements of tbo spectral fines is in the 
pressure which exists in the solar envelope. This? whs investigated 
g ret Humphreys and Mulder at Baltimore. It has since fur¬ 
nished" o valuable means of measuring the pressure which exists in 
the solar envelope. For the element iron it is found to be about 
five limes the atmospheric pressure at the surface of the earth. 1 

Still another Interesting displacement of spectral lines was found 
by Zeeman In be due to the presence of a magnetic field. Spec¬ 
trum lines are broken up in On* presence of a magnetic field into 
doubles or triples or still more complex groups, whose complexity 
of arrangement depends upon the situation of the spectroscope with 
respect to the magnetic field, and on the strength of the magnetic 
field in which the light is produced. This peculiarity was taken 
ndvanlage of by Hale, who has recently proved the existence of u 
magnetic field in sun spots, and still more recently the existence 
of Ik general magnetic field Over the whole surface of the sun, analo¬ 
gous in m&nv respects to the magnetic field which exists over (he 
surface of the earth. 

A brilliant invention of Hale's earlier years of investigation was 
that of the iqHviroheiiogrfiph. This is an instrument for observing 
the sun’s disk in the light of tt single line of a single chemical element 
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It b not necessary here to exploit the details oMhn construction nr 
(he principle of it, more than to say that it h u particular form of 
Elpeflt^nsco]n , whose effect bio act m* a scroll to cut off Jill rays of 
the spectrum except the particular one which it is desired to observe* 
By the aid of thk instrument the distribution of the gases of different 
elements over .(ho sun's disk has born investigated, notably of the 
gases hydrogen and calcium. Plato 2, figure 1, shows a photograph 
of a portion of the sun's disk as observed in hydrogen. The reader 
will note tlie very prominent detail which b shown by this illustration 
as compared with that shown by direct photography of the sun's 
surface by a telescope as given in plate l, figure I. It was by the aid 
of theepratrohebegraph that Slocum obtained the beautiful figure of 
the solar prominence given in plate 3* 

SOL Alt ENERGY, 

We now turn from this general consideration of what may be 
seen on the sun by the aid of the telescope and spectroscope tri a 
discussion of the quantity of energy which the sun sends out, the 
ilbtrilmtiun of it among (he different spectrum rays, and the rela¬ 
tions which ii bears to the temperature of the sun* the temperature 
of the earth, and other terrestrial concerns, 1 said a little while ago 
that light is regarded as of the nature of a mixture of vibrations in 
the ether, which is supposed to hr a substance existing in all spare, 
including the interstices of (he structure of the chemical dements 
themselves- Light is hut one of the manifestations of radiation. 
It h merely that kind nf radiation which Ls visible to the eye. Just 
us there ore some srninrb which are of too high pitch for the ear to 
hear, and some other so unde which are of too low pitch to distinguish 
as sound, so there are kinds of radiation which are of too short wave 
length for the rye lo recognize as violet light, and others are of too 
long wave length for (he eye to recognize us red light. Indeed for 
the longer wave lengths of radiation the sidGlances of the eye are 
not iraiispnrcub so (hat even if the rotim should be sensitive to three 
rays, they could not reach the retina to affect it. 

Iti this state of affairs it is necessary to proceed to the invrsliga¬ 
tion of the energy of radiation by means of another instrument in 
which the radiation is caused to be absorbed by a blackened surface, 
and thus to pro dune heat, and oonscqucntly a change of temperature 
of the jibsorhing substance. Radiation is not heat. Heal is u 
motion of the molecules of the material substance, but radiation u a 
motion of vibration In the ether, which is not regarded in the same 
category with ordinary chemical elements, Indeed, we may go a 
lii tic further and make a clarification of energy. Imagine a chest of 
drawers in which, as sometimes happens, the letters or other pajiers 
fall over the hack of the drawers, aa they arc pulled out into the 
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ones below. It is easy in that maimer for the papers in the upper 
lira went to fall into the lower drawer?, hut work has to be done in 
order to pet the papers from the lower drawers into the upper ones 
again. So with energy-—all forms of energy may easily be trans¬ 
formed into heat, which is the lowest type of energy, but heat energy 
a an only partially be transformed buck again into the lugher types* 
Of these types radiation is one of the very highest. 

Sow it is on the sun’s radiation that a temperature suitable 
for life upon the earth depends. Xnt only that, 1ml the peculiar 
properties of certain wave lengths of the solar radiations are re¬ 
quired for supporting plant growth, with its complex 'chemical 
n-actions. Ail sources of energy upon the earth have been directly 
or indirectly produced by solar radiation. A good many investiga¬ 
tors, among them Mr. Shuman, of Philadelphia, have endeavored 
to use the solar radiation oorumorciiillv for the production of power, 
and, in fact, very satisfactory results arc being obtained in this 
way, under Mr. Shuman's direction, from a plant in Egypt. 

Evidently Ii is of the greatest in teres l to measure the quantity 
of the solar radiation, the distribution of it in the spec tram, the 
hindrances which it sulTere in passing through the earth’s atmos¬ 
phere, and Uic quantity of it available to warm the earth after it 
reaches the surface- This has been the principal work of the 
Astmphydciil Observatory of lit6 Smithsonian Institution for (belost. 


12 years. 

In tho first phwe, we have to deal with the measurement of 
the solar radiation as a whole. For this purpose we employ what 
is called the pyrheliometer, ft name first devised by PouiUet’ about 
(he year 1835, Ho employed a blackened boy, filled with water 
and containing a thermometer for observing (he rise of u-mpera- 
lure in the water due to the absorption of the solar ravs upon 
(he blackened box, In our practice wc have considerably devel- 
oped the instrument of PouHlct, until now it comprises V silver 
disk inclosed in a chamber provided with (l vestibule for the ad 
mission of the solar rays. 'Die disk hns inserted in it a thennometer 
which is bent at right angles for convenience, and on. which the 
rise of temperature of the silver disk due to the absorption of -*nhr 
radiation is observed. I he instrument is shown in figure *> 

It is not possible to obtain the correct heat capacity of The nvr 
hetioroeter in this form, jo that wc hare reduced it* menraranS 
by comparison with what is termed the standard noUi 7^ 

<-1-*- -j£ Bts?*?- 

flowing wilier. The me <>( temperature in the . ’ 

absorption of the anUr radiation, is determined hv nn-J,- T 
trie id thermometer. In this apparatus it is lK ’ :li , a[l p k c " 
electrically knowu quantities of heat, ftm j {f} ^ lIltro, jj^ 
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were solar radiation which wn* being measurer!. In such test ex- 
penmens it b found that ns much os 99 per cent of tho heat in¬ 
troduced is recovered, and it is believed that the standard pyrhe- 
Uomclur gives the true scale of radiation foe Lite sun within u prob¬ 
able error «f a half of 1 per eenb The silver dbk pyrheliometm 
have been compared with this standard, and til this way the standard 
scale of fiti bn tic si has been diffused by the SmRhsunhui Institution, 
which has svnt out about 25 copies of the standardized silver disk 
pyrhelio meter to various countries 
of the world, in Europe and North 
and South America, 

Measurements with the pyrholi- 
ontoter indicate that the maximum 
intensity of the snub radiation at 
sm level b about 1.5 calories per 
square centimeter per minute. At 
high-level tduEkms, such m Mount 
Whitney* in southern California, aL 
an altitude of 14,5U0 feet, the read'* 
mgs run m high m 1,7 calorics per 
sq uare centiiue ter pe r min o t e. You 
may ask why it b that if the inten¬ 
sity of the sun's radiation increases 
as we gn up a mountain, it should 
be also the case that the tempera- 
tore of the air at high elevation*, b 
lower lban it b at sea level, Thb 
is due to the property of the air erf 
almost freely tmiusmkting solar 
radiation, Like a pane of gloss in 
a window, it b not much waimed 
by uljsnrhing the ray*, whereas a 
blackened auhetanc* held in the 
beam of light, oilier upon a mountain or inside the window pane, 
will be very appreciably wanned . 

If wc could go outside the atmosphere allogether, all the radia¬ 
tion which wo receive from the whole* sky, and which is derived 
by scattering, would be still in the direct sun-beam. Looking 
away from the sun we should see the stars shining, as If at night, 
and the sun's rays themselves as observed by the pyrheliometer 
would exceed in intensity even those observed on high mountain sum¬ 
mits. Now the question is, what would be the intensity of the 
solar radiation if wo could observe it otibnde the atmosphere, ai 
the earth's mean solar distance? Thb quantity is called the solar 
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constant iff radiation, and it has been an object of investigation 
for the Inst hundred years. 

As shown by Forbes, Kadau, ami notably by Langley, it is not 
possible by means of the pyrheUometar alone to estimate what the 
intensity of the solar ra Hint ion outside the atmosphere would W, 
unless the pyrheliomi’tor itself could be raised liy a balloon or other- 
wise let the extreme limit of the aLimispherft, This latter procedure 
having heretofore been impracticable, 1 it was necessary to have 
recourse to measurements of the solar spectrum. The defect iti 
pvriteliomeler observations consists in ibis: That the several rays of 
the solar sprctniiu an 1 unequally affected in puling through the 
earth’s atmosphere. Certain rays are almost eotupletcly removed 
in the higher levels of the atmosphere, so that we can by up means 
estimate the losses, even upon the highest mountains, unless recourse 
is had to determinations in the spectrum. 

About the year ISSh the late Dr. Langley invented tie- bolometer. 
This is an electrical thermometer of great sensiiiventss. It com¬ 
prises two fine strips of platinum, each about one-half inch long, 
one two-hundred-and-fiftieth of an inch wide, and one two-thou¬ 
sandth of an inch thick. The strips are blackened on the front surface 
with smoke, or with platinum-black electrically deposited, 'fliese 
two strips, with two coils of resistance wire, form a Wheatstone’s 
bridge, so called. If one atrip is warmed with respect to the other, 
and thereby its electrical resistance is increased, the effect is to cause 
n slight current of electricity to flow through a very sensitive galva¬ 
nometer. In ordinary practice one* can detent with tin* bolometer 
differences of temperature of a millionth of a degree; and in the most 
refined construction, with every precaution taken to avoid disturbing 
influences, it has been possible to observe the hundred-millionth part 
of a degree change of temperature. 

With the bolometer, which in those days was an instrument iff 
very uncertain hohavior, and one requiring tho most expert atten¬ 
tion and great patience for its use, Langley observed the suit's s|>ec- 
trumin the famous expedition ©f 1881 to Mount Whitney, in southern 
California. Like early investigators who had used the pyrhdionuitcr 
alone, he observed the Increase of the intensity of the sun’s rays 
from early morning to noon.'aud their decrease of intensity from r , f)0 n 
until late afternoon. This depends, as you will **, up,,,! t j |() f((c( 
that when the sun is low and near the horizon its rays shine obliqudv 
through the atmosphere, so that their path in the air is very lopi 
whereas at noon, when the sun is nearly overhead, the path m the 
air is comparatively much shorter. If one observes, therefore tl > 
intensity of each of the spectrum r ays at diffe rent altitudes of tho'stm 
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for which !ip knows the length of pulh in uir r he* may compute from 
the olracnrd increase of in tensity, attending the ilrcrna&D of iiir path, 
how much the in tensity would l*e if the path in mr could he reduced 
to nothing ui ailJ p or, in other wordu, if he could go outride the air 
altogether. It. is not pi^siblc to do this by olfc^-T vntion with iho 
pyrlielioujeter done, as explained above, because the rixyrn of certain 
Spectrum wavelengths are a Iith r>l entirely removed in the upper 
atmosphere, and do not reach t he oljtservcr a t all, even if he bo on a 
high mountain. Especially Ls this the ease in the infra-red region of 
the spectrum, which is invisible to the eye, hut which is of great 
importance as containing a large part of the sun^ energy-. In tiiia 
region there are great water-vapor bands, where tin- water vapor of 
the at mosphere almost completely absorbs the solar rays, leaving 
great gaps in the representation of the sun’s energy spectrum* Lang¬ 
ley introduced Ehr procedure of estimating for all other parts of the 
spectrum the intensity w hich would ho found outside the atmosphere 
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I ml in t-lvo great water-vapor unit other terrestrial hands of absorption 
h*' merely imule the asaumptinn that these would be altogether iiWnt 
if he could in fact be beyond the atmosphere altogether. 

After Langley became Secretary of the Smithsonian Institution 
he. established the AstrophysU-ul Observatory there, in order that he 
might carry out to greater perfection the measurements of radiation 
begun 1>y him while still director of the Allegheny Observatory in 
Pennsylvania. Among the first improvements Introduced in Well¬ 
ington wus the automatic recording of the results of the bolometer by 
photographic means. Thin was a great step, so that now we aw able, 
in the lapse of less than to urinates, to observe the intensity of the 
rays of the sun of all wave lengths, from those far beyond the violet 
end of the visible spectrum to those far beyond its extreme rod. 
Figure 3 shows the result of three such observations made on Mount 
Wilson, in California, at the station of the Smithsonian Institution 
there. These three curves represent the distribution of solar radia¬ 
tion in ib speci rum, including I he ultra-violet, visible, and Infra-red 
rays. The great water-vapor bands above mentioned are shown 
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ill flic infra-red as great deprresibiMi of 1 hf curve. Solar absorption 
lint's arc shown in the visible spectrum ns smaller depressions of the 
curves. The three curves were taken ut different hours of the morn¬ 
ing, when the path of the solar rays in air was five, four, and three 
times, respectively, that which would Occur if the sun were vertically 
overheat!. The reader will notice that the curves are respectively 
higher and higher, especially in the violet end of the spectrum, owing 
to the decrease of the length of path of the sun raws in the air. At 
several points a change of scale of the curves is shown. This Is due 
to the introduction in the beam of rattiding sectors of different angular 
apertures In order to keep the record always within the limits of llte 
registering photographic plate, if these changes of scale had not 
been made, the curve would run up in the edge of the red to the 
height of several feet. 

By suitable computation, by the aid uf the exponential formula 
developed by Bougucr about the year l7fMJ, it is possible to voinputn 
for each of the pulls of (ids spectrum energy curve the intensity 
which would lie found if one were outside the air altogether. In 
rhiri way ono might construct a curve similar to the three shown in the 
illustration, which would represent the intensity of radiation beyond 
the limits of the atmosphere. In such curves as these the urea 
included between the curve and the axis of zero radial ion is propor- 
litinul to the intensity of the whole solar beam, including all wave 
lengths. This, of course, is also measurable by the pyrheliometcr. 
AexicudingJy we multiply the reading of the pyrheliometcr by tho 
ratio lietwecn the area of the curve outside the atmosphere and that 
which is found at the observing station, and thereby wo obtain tho 
solar constant of radiation. In ibis process, however, we follow 
Bangley's assumption that there will bo no absorption by water vapor 
or oxygen in the sun itself, ami therefore draw’ a smooth lino in onr 
ext ra-atiuosphenr energy curve, where great atmospheric bands occur. 

About 700 determinations of the solar constant of radiation have 
been made by the Aatruphymcal Observatory uf tho Smithsonian 
Institution, sonic at Washington, at sea level * others ,it Mount Wilson, 
at an elevation of about 1 mile above sea level; others at Mount 
Whitney, at an elevation id nearly 3 miles; and uthm at Basaour 
Algeria, at an elevation of three-quarters of a mile; No differences 
beyond the reasonable errors of measurement tun found between 
obsrrvat iuns mod V at two si at inns on the same day. whether mndc at 
sca level or at any of these stations, up to the elevation of Mount 
Whitney, 14,500 feet above sea level. Hence it appear* that the 
method of estimating atmospheric transmission b probably sound 
The mean value of the solar constant of radiation, as thus found from 
7flf| determinations, 1.033 calorics ]H- r square centimeter per 
minute. By Urn b meant that if the sun's mVfi uuts ida tho atnios- 


THE RADTaTTOX OF THE SUN — ABBOT. 


149 


phere could be absorbed completely in a layer of water I centimeter 
(about threo-oighlhs of an inch) thick, exposed at right angles to tho 
solar bciuii H tMa layer of water would bo warmed 1 JM° C. during each 
mi tin to of time. Expressed in another way* the suiTs radiation 
outside tho atmosphere would be able to melt a layer of ice [05 feet 
thick each year* 

An extremely interesting feature of the measurements haa been 
that they show a variation of tho aim* This conclusion has boon 
tested in every way, not only by making measurements at different 
altitudes but by comparing results obtained on the same days at 
Mount Wibnn, in California, and at iVti^soiir, Algeria. As these sUi- 
tiofiij am separated by about one-third the ciroumferotice of tho earth, 
it seems not possible that they could l>r generally influenced by local 
conditions iu a way to disturb tint measurements hi the same direction 
at tho name time. Nevertheless, tho results of about 50 days of simul¬ 
taneous observing at tho two sE he ions agree in allowing that whim 
the radiation of the sun is found above the normal at ille one station 
it is found also above the normal at the other static el* ami vice versa. 
The fluctuations of the intensity of tho sun's radiation outside the 
atmosphere thus'indicate range over about Id per cent. Often 
within a single week or in day* a fluctuation of radiation as great m 
5 per cent m shown. The variation of tlie sun in those short periods 
appears to be irregular, both as regards tho magnitude of the varia¬ 
tion and m regards tho period of it. 

The measurements made at Mount Wilson, which extend over 
the years 1905 to 1313, indicate a bo a fluctuation of the intensity 
of solar radiation, attending tho changes of the mini her of sun spot's. 
There appears to bo about *'i per cent increase of the solar radiation 
outside the atmosphere for an increase of 100 in tho Wolf sun-spot 
numbers. It is a very curious thing that the solar rati i at ion increases 
with increasing numbers of sun spots, whereas the temperature, 
which directly depends upon the solar radiation, falls with increasing 
numbers of sun spots, !l appears that there is attending sun spots a 
dlrce t aiat an ] ndircct influence on terrestrial temporalim*. The direct 
influence Is tine to the increased solar radiation. Hit! indirect ini I li¬ 
enee is perhaps due to a change in cloudiness, but as yet knot certainly 
understood* These two influences are of almost equal magnitude in 
general, but with the indirect influence, which tends to lower tempera- 
tuM| WB^itly predominating. It will be a research of great interest 
and value to deiemiine the cause of (he indirect influence, 1 

In connection with theae researches on the solar radiation the 
transparency of (ho air for light of all colors and for invisible rays 
lias boon determined. This h a matter of great intercut to those 
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who an' StUIlying the growth of plants, as well as to those who are 
isiti-n-riiwl in the propagation of signal?' hr means of lights at sea and 
nWwhert). 

Also, the form or the energy spectrum of tlso atm having boon 
determined, it is poasible to estimate the pm ha hie temperature 
which exists in the sun. For it is shown that os the temperature of 
a source of light increases, the position of the wavelength of maxi¬ 
mum intensity in its spectrum shifts toward the violet, end of the 
spectrum, anil from tho exact position In the spectrum of the wave 
length of maximum intensity the temperature of a source of light may 
In* ascertained. In this way it appear* that the sun's temporal urn 
is of the order of 11,000° 0., or nearly twice the temperature of the 
arc light. It is also possible, by means of the measurement of I ho 
solar constant of radiation, to determine (lie sun's temperature. [ n 
this way also values of tho order of 8,000° C. are found. 

The surface of the sun is not equally bright from one edge to the 
other- This is shown plainly on soIut photographs, as was pointed 



out in relation to plate 1 , hut u mure careful study or the mutter 
in being made by the Afltrophy&ical Observatory of the Smithsonian 
Institution, at its station on Mount Wilson, by the aid of the bolom¬ 
eter. Plate 4, figure I, shows tin* observing station of the Ast re- 
physical Observatory, and the reader will see n tower which has been 
erected upon it* in which it? u vertical telescope for forming a large 
image of the sun. fly stopping the clockwork, this image is allowed 
to drift across the slit of the spectrcvbolometer. Thereby^ an mito- 
iiintic record is produced of the distribution of radial inn of any 
selected wave length fruin one edge of the sun along the diameter to 
the opposite edge. Such observations tire shown in figum 4 . ?]'| K . 

distribution of radiation is given for five ditterent wave lengths 
[l k seen that tlu-ro is a marked con trust ul brightness, especially 
for violet rays. Here the edge of the aim’s disk is hardly half as 
bright as the cantor. Tho contrast of brightness diminishes with the 
Increasing wove length of the light examined, and for the infra-red 
rays is com p urn li vely email. Experiment* are being mode on cr , 
day on which the sokr constant of radiation is determined i *• r 
to see if there ia a change of contrast in bl^tucss along the dil^kir 
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of the ma f (tccompanyuig the change of the intensity of the surd* 
radial to li. Changes of contract along the sun's diameter have already 
been found, but it is not yet decided whether they agree hi point of 
time with the changes in the mteiadty of the solar radiation, 1 

NATURE OF THE KLIN. 

In view of what Iia-s been said, what is the nature of the huh? It 
appeals, in ci« aside ration of its high temperature and low density, 
to lie a great hall of incandescent gases. Of course p the pressure is 
so enormous that the approach the density of liquhlm These 

gas is are so hot os to exceed in. tempers turs anything that we have 
upon the earth's surface. It must not he supposed, however, that 
they arc burning gaws like the burning of illuminating gas in air. 
The temperature on the srnis surface U so high that lei general uo 
compounds of elements are occurring there, If the ordinary com- 
pounds, for instance, products of combustion Ukt* carbonic-add gas, 
should be present on the sun, the elements of which they arc com¬ 
piled would separate, one from another* owing to the enormous tem¬ 
perature. As the sun gives oil radiation, it tends to cool, and it may 
well ho asked why, in the course of the mil lions of years which geolo¬ 
gists tell us have elapsed since llie earth reached substantially its 
present temperature^ the sun should not have cooled off entirely, A 
purlin! source for this immense quantity of energy- was suggested by 
Kant and discussed at. length by Relmluilt^, who showed that the 
enOTntons gravitation of the buei, tending to condense the gases ami 
bring them toward its boater, must, fur every decrease nf tempera¬ 
ture and consequent shrinking up of the volume of the sun, prof I nee 
a certain quantity of energy* This source of the sun’s energy, how¬ 
ever, seems insufficient to account for that which geologist* demand 
ns to concede. It may be that the* secret of the uni it it h in the 
breaking up of the atoms, such as is now found to occur with the 
element radium. 

If the mm v- gaseous, the question ms luridly u rises why it present 
sii sharp and round a boiuiduj* The nuiniitit** of the Him k only 
what would \m expected in viijw of hs gravitation* Thu sharpness 
of Sts boundary seems explainable as follows: Ghtsos, although very 
trurLsparent, are not perfectly so, so that In the ease of the earth the 
atiiK^phero above Mount Wilson transmits only about 95 per rent 
of the yellow light. If, then, 5 per cent of the sun’s radiation in the 
yellow b cut off by the earth's atmosphere, it follows that jl layer of 
the aim's gases only a few tturusund miles thick would be sunichuit 
to prevent ua from seeing any deeper, This 3,000 or 4.01H) miles of 
thickness, as we look at the center of the sun, will extend vertically 
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downward, hut ui the edge <d Lhe sun we look obliquely, and there 
the ,5,000 or 4,000 miles will all be found in tt layer of the sun ]s<‘riia]is 
nut more than 100 miles In thickness. In u body SUO.OOO miles in 
din meter u thiekm-^ of 100 miles is practically negligible, certainly 
so foruny teLesiiojiit' idiservnllons which can be nude from tin- earth, 
hence, nnluridly, the boundary of the sun is seen to bo sharp. 

The contrast of brightness between the center and the edge of the 
sun follows lit once from what has jus< been said. For at the center 
we look far deeper t han at the edge, niid, naturally, see thereby gases 
which lire much hotter than those which are perceived in the corn- 
para lively superficial layer which is seen fit the sun's edge. Attend mg 
tie ini-rouse of temperature there must be art increase of brightness, 
and this will bo greater for red tend infra-red rays than for violet and 
ultra-violet raya, in accordance with laboratory experiments on the 
relations of radiation; and temperature. Tims the contrast of bright- 
bcl ween the center and the edge of the sun w ill lie greater in (he 
red and infra-red than in the violet and ultra-violet. 

The Him spots appear to be whirlpools where the gases of i ln> init-rior 
fire pouring out toward the exterior in forms similar to a waterspout. 
They are moled by expansion as they reach the surface, and the par¬ 
tial vacuum formed in the center of the whirl sucks In the superincum¬ 
bent and very light gases, hydrogen and calcium, above the sun’s 
surface. The magnetic field found by Hale in sun spots is elite, no 
doubt, to die rotation of the electric idly charged material in the spots. 
The solar spectrum, with its numerous dark lines, is due to the pres- 
onee of the guscs of the chemical elements which are round upon the 
earth. These gases are cooler at the boundary of the sun than they 
are within, where ihe principal part of the light comes frem, hence, 
ns noted above, the effect will be to produce dark lines on it bright 
background, The irregular rndtlled appearance of the sun’s Borfuco 
is probably due to differences of temperature which exist in so great 
a body, and thereby produce variations in brightness of dilTereiit 

It is impossible to go further and touch Upon tbo very interesting 
questions connected with the sun's place among the stem, the de¬ 
pendence of plant growth upon solar radiation, and the relations 
between the temperature of the earth and the radiation of the sun 
These mutters, and many details, winch it has been impossible to 
mention in this short account, are discussed by the writer in u book 
entitled “The Sun,” to which and to the original sources of inf 0rtJ1(l . 
tii>n and to longer treatises the interested reader is invited to turn 
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It is the sun alone Among ad the that we can ever hope* to 
soo in detail. It alone can. aid us in undemtamling all the others 
and throw light on their evolution. Furthermore, whatever our ideas 
may one o have been, they had no solid experimental bains until (he 
invention of the spectroscope toward the middle of the last century. 

This remarkable discovery taught us that there was something 
further to observe in the sun than the spots* the facute, and the 
prominences visible at Lhe dpo»; the appearance of these phe¬ 
nomena to the eye has therefore lost something of the exclusive 
interest it formerly usurped. The t Tanjssen-I>oekyer method of 
utilizing the monochromatic hydrogen light from the prominences 
had already enabled m to sec them at any Lime on the limb of the 
solar disk- The spectro-heliograph, based upon a bold and ingenious 
gen ermlkatian of analogo m principles, now reveals to us in Lhe 
fioetuli (pi 2 F fig. 1), the filaments and alignment fpl 2 , fig. 2j, 
iii'W phenomena formerly invisible which, perhaps, equal or even 
surpass in importance the spots and /acute. It is on these new 
appearances that the interest of the present-day tuftrunomer is 
especially centered. 

Our knowledge of the constitution of the sun is naturally increased 
by all this progress. The fact that the solar spectrum is made up of 
black lines upon a bright continuous background shows, according 
u> KirchhufTs law, the existence of a very hot source of light sur¬ 
rounded by a cooler absorbing layer of gn h* The latter produces in 
the spectrum Lhe lines of a great number uf terrestrial sutetarice& — 
ir<ju T hydrogen* calcium, magnesium, sodium, etc. Its inner portion, 
situated dose to the brilliant photosphere t has been called the never#* 
ing layer* It contains the header elements, while the outer layer or 
chrorfio&phrrt contains principally hydrogen ami calcium. Farther 
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nut yet, extending n distance of several solar radii, Ls found the 
cnrtfTtU which w# have nol yet succeeded in obaarving except at total 
eclipse? of (lie aim (pi. I), 

FH VHl-'AL UOKTHTiON OF THE SITS. 

Formerly the continuous background of the solar spectrum was 
attributed to an incandescent solid or liquid mi clous. The prevalent 
theory at present is that the sun is entirely gaseous. For this belief 
there are several good reasons: Apart front tho mean low density of 
this star (1.4 relative to water), its temperature is, as we shall see, 
higher than that at which all known bodies volatilize. Further, a 
sphere not gaseous hut solid or liquid would near its edge emit 
polarized light, of which WO observe not a trace. Finally, the way 
in which the sun rotates Li in complete contradiction to a rotating 
rigid solid body- The objection based upon the continuum Imck- 
ground of the spectrum alone remains. This was overcome when it 
was found til at gases can give such a spectrum. The bright lines in 
the spectrum of a gas are narrow and separate when the gas is under 
a weak pressure, but they broaden as soon us tits pressure is increased, 
mill, finally, a continuous background appears which may indeed 
become very bright, 

Wo find, Llmrtrfore, that in order to account for the observed facts 
it is sufficient to assume that the heavy vapors gather at the center, 
where they art- umlor great pressure, while, according to tlieir donah 
ties, the lighter gases in successive layers make up the outer portions. 
This explanation, however, has not. satisfied all. and physicists ask 
whether tho groat diffusive tendencies in a guy would uot finally tend 
to transform the wholo mass into a perfectly homogeneous mixture. 
Further, tho form of the sun, so perfectly round and, moreover, so 
sharp, requires an explanation which the laws of refraction for a 
moment seemed to give and about which wo will say a word. 

We know that, in our own atmosphere the path or n beam of light 
Lm curved by refract ion, especially w hen the beam is near the horizon. 
(Fjg. |.) Now we may conceive (theory of Sdimhll) tluat tho law of 
densities in the aim’s atmosphere is such that, when tho heum of light 
is sufficiently inclined to tho vertical, the path Ls so curved that it 
never leave® the nun. (1'ig. -■) On such a star, in the upper very 
raro layers, everything would appear as on the earth; in the lower 
layer®, however, only those raj's near the vertical would succcod in 
escaping. Thwo two regions would evidently lx- separated hv 
another where the tatnintnw trajectories would encircle, the star 
ttuinv lime® before emerging. (Fig- 3-) It is this very thin layer 
which, according to Schmidt, constitutes O,o photosphere. Further 
the dark lines of the spectrum ttmy lx- explain! h ^ 
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phenomenon of anomalous dispersion, 1 which accounts also for the 
winged appearance of their edges (Julius). This Stuno theory offers 
also an explanation of (lie divers aspects of the diromosphere p the 
llucculij the prominences, m well as, though less satisfactorily, the 
spots. 

.ill that b very ingenious* Unfortunately this explanation of the 
photosphere assume* that there m no absorption of light in the sun. 
Further, the lines of the spectrum produced by anomalous dispersion 
should be unayjtmmtrical, and they are not. Although some physicists 
remain faithful to those new theories resting on anomalous dispersion, 
fascinated by their elegance, astronomers who actually see the sun 





jumI observe the effects due to perspective can not believe in such a 
great, optical delusion* They therefore generally cling tit those ideas 
which ware held in the first place and which have become classical* 

SGLAft HEAT* 

Our ideas ils to the tempera hire of the sun remained for a long 
while in an unsatIsfaetory stum until science made the derisive step 
which was to insure a good solution. We mix not tell the temperattue 
of ii body at a distance except by means of some hypothesis aa to 
the emissive power of it* surface. But we may agree to call the 
fiTrctlm Uniptwtun of n distant body that of n 41 black body ,r 
having by definition a maximum emissive and absorbing power at 
nil temperatures and which, if rftnaled at the mine placOj would send 
us [he lame amount of heat. 

The theoretical and experkhental study of i£ black bodies^ has 
shown that their radiation is proportional to the fourth power of 
their absolute temperature* (Stefan's law). This leads us to measure 
the amount of heat per unit time and unit surface which the sun 
sends ns—that m t the u &ohr e&ntiant/* It is about 2 small calories 


I- W i raia mH tl^r-P ffCIter miwti In tu tlitrul:i. J.jt k h lf!i m t> mail r«iaf llhi Um LTKTbejbU tluS aik£L 








158 axkual kepght sumiaaifiAX imxmrno^, 1M4. 

ju t square centimeter per minute *md corresponds to an effective 
temperature of n little bm than 0,000 degrees absolute (Centigrade). 
Another method based upon the wnv e-length of the most intense 
radiation in the solar spectrum (Wien's law}, id ways assuming an 
cmis&km from a bWk body* leads to a like result 

This is very far h us you see, (rum the mil hulls of degree formerly 
supposed. It does not mean, however, that the heat sent out from 
the aim is not enormous. We may well ask by what means this 
immense loss of energy is compensated* It is indeed imptissible that 
the suit should burn bkn uti immense block of it ml. The most intense 
combust ion revealed to us by the chemist, for example, that of gun 
cotton, wottld not suffice to feed this radiation for more limn ft few 
ihuuKMuh of years. "We must look elsewhere, A rain of asteroid* 
bus been suggested, wliich by its kinetic energy would restore the 
lost heat in the sun, !sucb an hypothesis ia nut possible. The mass 
of the sun would increase indefinitely and the planets should show 
art unobserved acceleration. The nun, however, ns Helmholtz sup¬ 
posed, could contract little by little, changing into heat the internal 
energy of the primitive nebula of Laplace, A font met ion of 3ft 
meters per year would suffice to explain all. Unfortunately, u very 
suggestive calculation shows that till the heat that the sun could 
thus develop since its origin, by any mechanical process •whatever, 
would not sustain the radiation for more than 15 million years. 
And the world is very much older than that, at least so iho geologists 
nllinn. Their arguments, taken separately, do not seem without 
value; hut what is more remarkable, they all tend, by different 
paths, to lead us to admit a past very much longer than loo million 
years, figuring perhaps into thousand millions. We must apparently 
search in the interior u| Lhe atoms themselves for the source <*f 
the solar heat. The infinitely small, us Pascal said, will explain the 
infinitely great. 

The intra&tomic energy is indeed enormous and the 6un, as well as 
many of the stars, shows in abundance oitc of the most rlmntc(eristic 
elements of radioactive trenstormatioiis—helium. The mechanism 0 f 
the radiation, it is Lruo, remains unknown. But tho necessity of such 
an explanation will perhaps not be so imperious in the near future 
The problem tends to assume a ucw aspect of tho highest philo¬ 
sophical import. The physicists uf the new school are disposed io 
admit and appear to have proved a fundamental Identity 1 between 
the maos of a body and its interred energy. If matter is no more 
than energy, wo may foresee what a beauLifnl simplicity physics may 
some Lime assume. On this basis I he sun would possess a total ciitre 

feasv to calculate stiuec wo know its m*m) {J f 2 x iau ^ 
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to it a duration in the fiitura of several hundred billion centuries with 
the present loss of cmrgy by radiation* It would then without doubt 
dip of good old tiga mdeas destroyed by direct collision with pome 
other star. * 1 But let ns not trouble ourselves about this and conic 
back to our subject, 

INTERIOR EQTTILIBRnjlf OF TILE SUN. 

A mass of gas subject only to the mutual gravitation of its parts, 
such as b the aim, tends to assume a spherical shape. The resultant 
of the attracting forces at each point is then directed toward the 
center. However, there me two particular ways in which this equi¬ 
librium nrny become established. hi an immobile fluid the temper¬ 
ature can be equalized onty through conductivity, and if that is 
high, the tempo ra ture mil everywhere be finally the same. This b an 
isothermal equilibrium. If, on the other hand, the fluid mass is subject 
to conveetion currents and the conductivity is negligible, the temper¬ 
ature will differ u| different places and depend upon the local pressure. 3 
This is an adiabatic equilibrium* 

Now, the sun m gaseous and gases are generally very poor con¬ 
ductors for heat. Moreover, the loss of heat by radiation is relatively 
-very small. Further, the sun seems subject to incessant movements 
of which the spots and f acute are evidence. Therefore, it must be 
in adiabatic equilibrium. Postulating this, we may study mathe¬ 
matically Lke distribution of pressures and tempo rati ires in the 
interior of a star formed thus of a perfect gaa when wo know its total 
mass, its mean density and peripheral pressure (supposed to be zero). 
With these data known r the problem admits of solution and the 
pressures and temperatures will be found to increase very rapidly 
toward. the center. For instance, for a sun composed of hydrogen, 
assumed monatomic at high temperatures, the density at tho center 
will be about S r the pressure 8 billion atmospheres, and the temper- 
atim? 24 million degrees. Similar calculation*! give for other gases 
results of tbo same order of magnitude. This is all we may hope to 
obtain. 

One point to lie noted is that, ail ibis assumes nn apparent contour 
to the sun, which takes away from Schmidts theory one of its most 
seducing advantages. But there is something better: The sun radi¬ 
ates toward us and yet the quotient of the heat lost by the lowering 
of the temperature may In certain cases be negative; that is, the 
mon? heat the sun semis to us tbo warmer it may get. This is railed 
the ** paradox of Lane" and It is a good one. However, we have 
bore a complex effect very analogous to the accelerating action of a 
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resisting medium upon I lit" velocity of a planet or cornea , 1 an effect 
often cited in tho ease of Eneke's comet. 

Thu theory of J,am> lakes no account of lint rotation of the sun 

which is 25 tunas slower than that 
of the earth. M. Emdcn, taking his 
suggestion from Helmholtz, has fillet) 
this pap and shown that, the given 
conditions remaining tho same, the 
Stftoaus mass would separata into 
disoimlitiuous layers slipping con¬ 
tinuously upon each other and hav¬ 
ing the form of hyperboloid* * of one 
shoot.* (Fig. 4 .) In tho tuiddieinii- 
tudoa the slipping would ho the 
greatest. This slipping produces 
through friction deep-seated eddies 
which canid he the init ial causes of 
sun spits and give a remarkable ex¬ 
planation of the zones in which they appear. Indeed, this seems to 
be the bwt explanation of the whole phenomenon. 


ELECTRIC AND MAGNETIC PflEKQlIERA. 

Wo have so far treated Only of tho nice h nine ul and optical phene menu 
of the aim. But we have every mason to suppose that the Stitt exhibits 
electric phenomena. All hot bodies do. Mfjlals in pari ir. nl n r (hut 
not they alone I at high temperatures emit negatively charged pari icha 
(electrons! in great abundance. Richardson ami Barker, at tem¬ 
po raturea of about l t 50 tf° obtained currents of i ampere per square 
cent i meter of heated surface. The law connecting iho current with 
the temperature is exponential. The nmission from the sun must 
I henrfora bo considerable. Furtfaer, lho spent rum of t ho chrumospha ro 
Includes a groat number of lines which can ho reproduced in tho 
laboratory only by elootrical praceasoB. Finally, the sun spots have 
an undoubted all hough indirect influence upon terrestrial magnetism 
which is shown by the general concordance between the magnetic 
variations ami the frequency of sun spots.* We are thus almost 
inevitably led to conclude that the sun is magnetized, an hypothesis 
incompatible with its high temperature, or, and this is infinitdv more 
probable, that it is the seat of huge convectinn currents of chan red 
m tit tor. 
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It extremely probable (here fore that the soliir matter is 

electrified. Tho radiation pressure which, w* Maxwell domotiglraLod 
and experiment confirmed, k oxeiTitmd upon any body struck bv 
ho]ps in the expulsion of tko ©barged partidm The wings and 
filaments of ihts corouut are doubtless due to this force which atm 
explains thu tails of coiuels. They are probably real cathode rays 
which tho least magnetic field will deviate (M. Doalaodtvs) and which 
volute around the lines of force. Tho corona thus gives m fin imago 
of the goner*] magnetic field of tho sun uindogvms to the torrretrkl 
magnetic field (u sphere uniformly magnetized) ami also similar 
to that of a rotating sphere electrically charged (pL ), figs. I, 2)* 
Along another lino of reasoning, the interpretation of the prominence 
has shared in these new notions. it bus been thought strange that 
a gas si ii.mi Li have vo- 
loeitios of upwards of 
a hundred kilometers a 
second. But in an ion¬ 
ized gas only an infml- 
tasima] number of the 
molecules participate in 
sending out tho light 
(Perot)* Th os© few m ay 
alone have the enor¬ 
mous velocities within 
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a gas itself almost immobile just as is tho case of the canal ntys of 
a Crookes' tube. 

A brilliant discovery in America in 1008 throws further light on all 
these thfloriiss. Halo, hy means of th© Zeeman phenomenon, hm 
shown, within the nuclei of sun spots, magnetic Holds of 3,000 or 1,000 
Gausses, roughly normal to the surface and explaining perfectly 
tho enlargements and doublings of the coirospo tiding lines in tho 
spectrum. Indeed, those magnetic fields seem to bo vurtiem of 
obctrifiod matter: the ionization would have to ho no more iiihmso 
than that observed in the laboratory either in vacuum tubes or in the 

neighborhood of hot bodies* 

Cornice tod with this same lino of thought is theatudy of tho radial 
velocities in the various chromospheric layers. This has permit! od 
Deslamdtvs, Evcrahvdp and St* John to investigate the phenomena 
incurring in sun spotft. Abovo the penumbra, tho absorbing vapors 
spread out from the center of the spot parallel to the surface; arriving 
at the peripheral facula, they rise, cornu back higher toward the center 
(fig. 5) and are finally engulfed within the cavity (nucleus! of the spot 
where other researches have shown relatively low temperatures. 
As ui th© of eddies in rivers, the cause of this suction may he 
looked for in the subjacent whirlpools, th© vary ones which probably 
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develop I ho magnetic fields and which the theory of Km Hen so nicely 
predict*. 

Vory recently those resoarehos have boon extended and it is thought 
that the evidence shows that there is about the sun a marmot it; 
field annlietas to that about Ih« earth. We have jiitsl spoken of tills 
ill connection with the corona, but it should be further manifested hoi li 
in tho Zoom an phenomena and thohclicoidul movement* in thopmin- 
IheQODB. Those oxpemnnnts are not at present fully coiupletLd ami 
their discussion is m progress. W® just call your attention to i limn. 

I a tlie case of the sun, where so to Speak, all tho resources of modem 
physics havo Imun given rendezvous, wo find ourselves very far from 
the huge ball of fire which our fathom naively believed they saw. 
There is no doubt that we have to do with one of the most powerful 
creative organs of nature and the more wn advance tho greater tlm 
mysteries seem to booomo. Fortunately thus is only apparently so. 
As science advances, new questions appear before indeed the older 
ones, often badly put. am solved. But tho latter often leso their 
interest, atul as wo proceed many untenable bypotbosw which dark¬ 
ened our path are destroyad. And an, little by little, the knowledge 
wo have of tilings progress's with a tidal motion which will doubtless 
end only with humanity. 


THE FORM AND CONSTITUTION OF THE EARTH. 1 


By Lout* It, ^TiiwAKT, IX T* EL 


The beginnings of astronomy probably dale from the earliest 
development of the human intellect; and that it should bo tho oldest 
of the sciences need not be a matter for surprise when we consider 
tho striking and interesting nature of its phenomena and the numerous 
services which it renders to mankind. Among the many questions 
requiring answers that would present themselves to a thoughtful 
observer possibly one of the first was that of the form mid magnitude 
of our earth. 

To a spectator placed upon an eminence the earth, as far tts it 
could be seen^ appeared as a level plain, after making due allowance 
for minor inoqmdities, so that primitive man regarded the earth its 
flat, surrounded by tm otherwise shoreless ocean. The sun at setting 
plunged beneath this ocean to reappear at the opposite side of the 
horizon at rising the follow ing day* To allow for his passage beneath 
the earth it was conceived that the latter was supported by pillars 
between which the son passed during his nightly journey* Thus the 
Greeks explained tho motion of the sun, and they claimed that they 
were indebted to the Egyptians for their astronomical knowledge. 

The teaching bl the Hindoos was even more fanciful than that of 
tho Greeks. They taught that the earth is in the form nf a hemi¬ 
sphere, resting with its flat surface on the backs of four elephants which 
in their t um stood upon the back of a gigantic tortoise. Tho question: 
WhLit supports the tortoiset received tho answer: The endless ocean. 
The too curious inquirer who wished to know what supports the ocean, 
was met with the reply that it extends all the way to the bottom* 
As there is no statement that has come down to ub concern Lug the 
nature of the bottom or to what it is indebted for ltd support. we must 
infer that the hisL answer stilled all further inquiry. 

Leaving these fanciful theories, we find that in comparatively early 
times more correct views as to the form of the earth were held by some 
philosophers, based no doubt upon the reports of phenomena observed 
by mariners and travelers, who found that the highest promontories 
disappeared from view as they drew away from the land; that u *hip 
gradually vanished below the horizon in a manner that precluded the 
idea of a flat earth; that the sea horizon always appears circular. 
These and other phenomena, such as the varying meridian altitudes 
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of stare aw one travels m a north or south direction, mast have given 
rise to a belief in the curvature of the earth in the minds of early 
astronomers. Thales, and after him Aristotle, is said to have taught 
the sphericity of the earth, and it is not surprising that we soon find 
attempt* being made to determine its dimensions. 

To Eratosthenes is due the honor of Iwing the first of whom we have 
any record to make an estimate of the circumference of the earth 
based upon measurement. He was bom ai Sycne, in southern Egy i X 
iu the year 276 B. C,, and, his ability being early recognized bv 
Ptolemy Euergette, he was placet! hy him in ch arge of the Alexandrine 
library. His geodetic measures consisted in noting that at Sycne at 
the time of the summer solstice, the sun passed through the zenith 
of the place, as was shown by a vertical object casting no shadow 
while at the same lime at Alexandria such an object cast a shadow of 
such a length as to show that the sun s rays made an angle with the 
vertical equal to one-Gf litah of a whole circumference. He concluded 
then, that as the two places were nearly on the same meridian the diJ 
tance between them is one-fiftieth of the whole circumference of Lbc 
earth. The distance being estimated at 5,000 stadia, the cireumfer 
cnco of the earth becomes 240,000 stadia. As we do not know the 
precise length of his stadium, we are unable to estimate the mem u, y 
nf this determination. We now know that the longitudes ..f ih, 
places differed by 3°; also tho auiplitude of hia arc waa too small hv 
I.V. Notwithstanding these sources of inaccuracy however -, r ..it 
eredu is due to him for inaugurating a correct method for dtUeremd T ,„ 
tn6 dimensions of tho earth. ulux o 

Cienmedes, to whom wo are indebted for tho account nf it. 
thencs's operations, suggested that if two gnomons he im 71°^ 
places on the same meridian tho lengths of their shadows on ti7 
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same day would serve to determine the amplitude of (ho 


the places- Ills Suggestion thus contained the germ of rh« 717!^ 
used at tlie present day to measure tho length of a meridian am 
According to tho some writer, another determination of dm r hl- 
cimumfercnce was made by Posidonius about a century r ?,! 
later. This observer noticed that at Rhodes the ^ 

just appeared in the horizon when at meridian passta™ ~l? i 0!>i1b 
A lexandria it had an altitude equal to one forty-eighth t " - at 
ference. As tho distance between tho two pine™ lv , iL rtr «uni- 
5,000 stadia, the whole circumference becomes 


to he 5, 


- , . - . becomes 240 000 ^Tv 

Frora this time interest in tho sciences in Eevnt and r i JU S ft( ^ a * 

to have languished, and during the Dark Ages tho onl^' 
which astronomical science was cultivated aoDaarv .■'! f 0!iat *7 m 
Arabia. In tho year S14 an Arabian caliph proposed t i • 70 boei » 
mere the problem of measuring an arc of t i 1C! ' . ,. **^000- 

seiected spot on tho plain of Singer, near ih 0 ArabiCS’ L 


From a 
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was dispatchod northward and another southward, each with instmc- 
dons to measure ns they went and continue their work until the 
altitude of thfl polo was observed to have changed by 1°. Tito 
northern party found 56 miles and the southern party 5GJ miles 
as the length of 1°, The English equivalent, of the latter value, 
which was accepted its being the most accurate, is about 7] miles. 

It was not until the sixteenth century that Europe, having 
awakened from the lethargy of the Dark Ages to new intellectual 
life, entered upon the era of development of which wo have not yet 
seen the end. Among the various activities in which this newly 
found energy sought an outlet may bo noted the exploration of 
foreign lands. America had been discovered, and in J 521 Magellan 
had completed the circumnavigation of the globe; and it may have 
been this Litter achievement that turned men's attention to the 
problem of determining the earth’s dimensions. 

In 1525 Jean Faroe!, court physician 10 Henry II of Franco, and a 
cultivator of the mathematical sciences, measured the length of a 
meridian an" near Faria, His method was so crude os. to bo but a 
slight advance upon those of the ancient astronomers which have 
already been considered. Ho measured the length of his are by 
counting tin* revolutions of a carriage wheel while driving from one 
end of it to the other; and his astronomical observations were made 
with a triangle used as a quadrant. He found the length of 1° to bo 
36&.0SS foot, a result very near the truth. 

It is not proposed to give an exhaustive account of all the geodetic 
surveys of (he last three centuries, but only to notice briefly those 
that embodied some improvement in method or were important 
in their results, 

A great, advance upon pro vie us methods was now for the first 
time made by Snellius, who employed the method of trianguiution 
to measure the length of a meridian are, the method which has been 
in use ever since, and is superior to all others on account of its accu¬ 
racy and cheapness, combined with adaptability to any country, 
whatever its nature. He measured a base with a chain between 
Leyden and Soeterwood, and his chain of triangles, 33 in number, 
extended from Alcmaar to Bergen-op-Zoom, Tills distance, pro¬ 
jected upon ft meridian, gave a meridian arc having an amplitude 
of 1“ il' OS", which made the length of 1 0 to bo 55,074 toises, a toise 
being equal to 6.301 ft English feet. His angles were measured wit h a 
graduated semi circle 3£ feet in diameter, and his latitudes observed 
with a quadrant 5$ feet in diameter, neither of these instruments 
being provided with a vernier or telescope sight, as neither had been 
invented at that time. It was not to be expected under those cir¬ 
cumstances that his result would bo remarkable for precision, in 
spite of the precautions which he took to secure it; in fact, his length 
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of ii degree is in prior by about 2,000 tenses. Though his triangles 
wore rtnlved as plane triangles, neglecting spherical excess, the 
labor involved in their solution will be real inf'll when we remain her 
that at that l ime logarithms had not been invented. 

The first attempt at degree measurement in England was made 
by Norwood about 1635. He measured with a chain tho distance 
from London to York, occasionally, however, resorting to paring, 
and determined his latitudes by observing altitudes of the sun on 
the same day, Juno II, in the years 1633 and 1635, His adoption 
of tomel's method instead of following in the path marked out by 
Snellius, is to be regarded as a retrograde stop, in spite of the fact 
that his value of a degree, .167,176 feet, or 57,4211 Loises, is so near 
the truth. Its accuracy, however, must have been the result of a 
compensation of errors. 

Another improvement was now introduced by Picard, who used, 
in 1669, telescope right# on hia angle-measuring instrument. Ho 
measured a base lino with wooden rods of 5,663 toises, and a base 
of verification of length 3,502 toisw, and bis triaiigulntion extended 
from Jblvoisine, near Paris, to Sourdon, near Amiens. His result 
for the length of 1° was 57,060 foists. 

Picard’s work was rendered famous in another way, in that it, 
furnished Newton with data by which he was enabled to establish 
the law of universal gravitation. About 1065, when he bad retired 
from Cambridge to his home at Woofethorpa on account of the 
great plague, his thoughts were first turned to the subject of gravit y. 
Reasoning from Kepler's laws ho readily proved that the planets 
h» kept in their orbits by an attractive force directed to the sun 
whose intensity varies inversely as the square of t|, 0 distance, |i 
»• once occurred to him tliat if this law k universal it must bp m 
virtue of it that the moon is retained in hop orbit about the earth ■ 
that the distance through which the moon falls toward the cart!i' 
or is deflected from a tangent to her orbit, in a unit of time stinuls 
in a simple relation to that through which a body falls j n (be Eame 
time near the earth’s surface. 


To bo more explicit, the distance through which a body falls 
in a given time varies directly as the attractive forte and the square 
of the lime. The moon’s distance is 60 radii of the earth; therefore 
the force of the earth’s attraction acting upon it is onlv 1/3 r,oo f ,f j,, 
value at the earth’s surface, so that the moon falls "in o^o 
mily 1/3,600 a# for us a body at the earth's surface. I n 0] J 
or 60 seconds, it will fall 3,600 times as far as m OJlp scu-ond- t| - 
fore the moon should fall as far in otm minute as a boriv near TT 
garth's sarfmea fulk in tino ftftoond, or 16 feet, 10 

Newton, however, by assuming 60 iui|p 3 to a lk . 

used by navigate™ at that time, found only 14 f«* 
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Ht< considered, therefore, ths discrepancy a proof of the inaccuracy 
of tlii> law of the inverse square, find laid aside for the time his inves¬ 
tigations in that direction. Til January, 1672, at a meeting of the 
■Royal Society, the result of Picard's work was mentioned, giving GO. I 
miles as the length of u degree, and Newton was able to revise his 
calculations, with tlie result that his hypothesis was amply verified. 
This is generally supposed to have led to the publication of the 
Prineipia, which laid the foundation of gravitational astronomy, 
though some affirm that Newton delayed the publication of his great 
work until he had proved that a spherical body attracts an outside 
body as if all of its urntter were concentrated at its center. 

Up to this time the ske of the earth had been investigated on the 
supposition that its form k spherical, and that it is therefore only 
necessary to measure the length of a degree on its surface in order to 
determine its dimensions. A discovery was mads*, however, by 
Richer (JG72) which turned the attention of astronomers to the 
possibility that its form may deviate materially from that of a, sphere, 
Hu had been sent by the Academy of Sciences of Paris to tin* Island 
of Cayenne to make certain astronomical determinations, and while 
there ho found that his clock, which bad been regulated in Paris to 
keep correct time, lost about two and one-half minutes daily, so that 
it was necessary to shorten the pendulum by one and one-fourt h lines 
to make it beat seconds. Elis report was received with doubt until 
confirmed by the subsequent observations of Holley, Yarin, and 
DesLuiyes on the coasts of Africa and America, 'file phenomenon 
was first explained by Newton in the third book of the Priucipis, where 
he showed that it is the result of a decrease in the force of gravity in 
the neighborhood of the equator due to increased distance from the 
center of the earth combined with the ctTect of centrifugal force. lie 
also investigated the figure of the earth and showed that h must he 
an ohjate sphere hi. Ah a consequence of tills the lengths of the 
degrees of latitude must increase with the latitude. 

Bo L ween the yearn 1684 and 1718, Picard's I Hangul at ion was 
extended by J. and D. Cassini southward as far us Colidouie and 
northward to Dunkirk, making a total amplitude of S° 31', The 
northern portion of the arc, having an amplitude of 2 C 12', gave 
56,0(30 toiscs as tho length of a degree, while t he southern pi Thun 
guvo 37,0!>7 toises. These results seemed to negative the theoretical 
conclusions reached by Newton in tho Principio, and to point to the 
prolate spheroid as representing the true form uf the earth. A heated 
controversy arose hi consequence, mid in the excitement thus occa¬ 
sioned, as well as from a desire to know the truth of the mutter, the 
Academy of Sciences resolved to apply a crucial test of the rival 
i henries by measuring u meridian arc at tho equator and another at 
the Arctic Circle. 
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Two parties wore aooordingly organized \ one composed of Mau- 
Ihi-Ium, Clair&ut, Camus, Lc Monnkr, tta» Abb6 Out bier, and Celsius, 
being commissioned to measure* an ore in Lapland; ami the other, 
composed of Godin. Bouguer, and do lu. Condaminn, u meridian arc in 
Pern. 

The polar party landed at the town of Tomea at tin* month of the 
river of the same name in the beginning of July. 173H. They liegan 
by exploring the river, tutd finding that the coumc of its valley is 
nearly north and south and flunked on either side by high mountains, 
they resolved to establish the stations of their trinnguktioii on these 
mountains. The tops had to he cleared of timber, and the signals 
were constructed in the form of cones composed of several httgB trees 
denuded of their bark, their white surfaces being thus visible at a 
distance of Id or 12 leagues. The angles were measured with a 
quadrant having a radius of 2 feet, whose accuracy they verified by 
measuring nil the angles at a station that dose the horizon. The 
ihmc angles of each triangle were also measured, and also chock 
angles, which were sums or dilferencea of necessary angles at a 

The measurement of the angles occupied 63 days, and on September 
!) the party readied KUtfe, the most northerly station, arid made 
preparations for their astronomical work. Two smalt observatories 
were built, one of which contained a small transit instrument and a 
dock, the former instrument being set up exactly over the center of 
tlie station. The transit instrument was used in determining time 
and the mcirnuLhs of the two stations visible frem the obirvimr 
station. The other observatory contained a zenith sector bavins a 

!f Th Ml T !■ft * T" : VWch ^ US T d bl difference 

of the latitude of the two terminal stations. Obsenmtiona of i 
I,)raconis, which passed near the zenith of tlio place, were taken 

betweeI1 t ^ U ’^ r 1 1451(1 l0 - 1 h ( ‘ party then proceeded to Tomea and 

commenced observations on the same star on November 1 fmUhin* 

7 f ~*™* HHva the difference of zenith 2 

of the star as observed at the two stations; this difference, corrected 

£ Pnt ™° n > Und JJUtMion - S™ ^ ,f t he « 

The final operation was now the measurement of the base line 
Tires had been mtenu™% postponed until winter. ^ its site had 
bt>en an chosen that the greater part of it* length lav ale re- the HU 

«. -tn.nl. ™iv „„ w H.KSS; 

S“. .Sard » W S urf«, U j»a wh!„b to «ny „„ thd, uu^urc^ t 
The party had brought with them from Park a standard f™ , i , 
afterwards the "Toise of the North ” wldeh mil . L ' Lj 
*• P"'/. luxl b»„ carrfplly 'f “ 

at M . Kt .™. By S 
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they prepared eight wooden rods each fire to fees in length and termi¬ 
nating in metal studs, which were usee] In measuring the base. 

This work was begun on December 21, the party having been 
divided into two, each taking four ruffe and working independently, 
the rods probably being laid upon the snow with their ends in contact. 
The difference between the measurements was only 4 inches in a 
length of 7,406,80 Loises. 

It only remained now to compute the length of the meridian arc 
contained between the parallels of the two terminal stations. This 
was found to be 53,023.5 Loises. 

Seeing that the resulting lengt h of a degree would be far in excess 
of that in the latitude of Paris, they submitted their work to a rigid 
examination. An investigation of the division errors of the arc of 
their sector was made, and the amplitude of their arc redetermined 
increasing it to 57' 30.42". Observations for azimuth were made at 
Tomes, and it was found that the resulting azimuth differed by 34" 
from the value computed through the triangulntion from the observa¬ 
tions at Kittis; but this would have but a trifling effect upon the 
length of the meridian are, ♦ 

Tlieir final value for the length of a degree was 57,437.9 tofees. 

Meanwhile the Peruvian party had selected as the scene of their 
operations the valley in which Quito is situated, and which lies be¬ 
tween the double range of mountains into wtiich the Andes are there 
divided. By placing the stations of their triangulation alternately 
on opposite sides of the valley, they were able to form extremely well- 
conditioned triangles, though the lahor involved in occupying the 
stations may bo inferred from the fact that seven of them were sit- 
unLod at heights exceeding 14,000 feat. A base hue was measured 
neiu- each extremity of their chain of triangles, the northern base 
being near Quito, and having a length of 7.H miles, and the southern 
base w length of 6,4 miles. In their astronomical work they observed 
the absolute zenith distances of stars, thus finding the latitudes of 
tlieir terminal stations, and not merely their difference of latitude. 

same stars, however, were observed at the two stations, so that 
the i r difference of latitude was unaffected by errors in the star places. 

The amplitude of their arc was 3° 07' 01", and its length 170,945 
tofees, thus giving 56,753 tofees ns the length of 1° at the Equator, 
which was about 085 tofees shorter than the value found in Lapland, 
the length of a degree in France being intermediate between these. 

Tims was it demonstrated finally that the form of the earth is that 
of an ohlute spheroid, and subsequent arc measurements have only 
served to confirm this conclusion. 

Ihc problem that now presented itself was the determination with 
all possible precision of the exact dime moons of the terrestrial spheroid. 
Geodetic surveys were soon in progress in every civilized country. 
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Oil representations from Count Cassini do 'Thuri to the Hoynl 
Society of London of the advantages that would bo derived from dm 
extension of the French triangle chain into England, the British Ord¬ 
nance Survey was begun in 1784, and by 18.il the whole of the British 
Isles was covered with a network of triangles. This trisngiikition, 
however, as in the cases of a l] modern Harveys, whs designed to serve 
tin* double purpose of are measurement and also as the basis of an 
accurate topographic survey. 

'Hie year 1791 saw the inception of the grandest project over devised 
for the establishment of a standard of length. Certain prominent 
membra of the Academy of Sciences, among whom were Laplace mid 
Irfigraiige, proposed to the Constituent Assembly of France—mid 
received their sanction—that the ten-millionth part of the earth's 
meridian quadrant be adopted us the national standard of length, to 
be called the meter. It was further proposed that this length be 
determined by the measurement of a meridian are extending from 
Dunkirk to Barcelona, and comprising 9° JO' of latitude. This W(ia 
accordingly t arried out, the work being intrusted to Legendre and 
Mrelmin, and the length of the are was found to be 551 .581 7 j„k« 
&u d its amplitude 9° 40 f 25'\ * 

Tile commission appointed to revise their calculations and to deter 
mine the length of the meridian quadrant combined Ihk new French 
art: with the Penman art', and thus found for the length of the 
meridian quadrant 5,130,766 toi«s, which gave as the JonLth of the 
meter 0.5130766 in parts of the toiae of Peru. 

It would bo impossible even to notice briefly all the arc measure¬ 
ment* that wore now made in different countries, each contributing 
its quota to the growing msss of data for determining tho earth’s 
hgme. H * sufficient to slato that in 1799 UpWe made a deter- 
miuanori of the elements of tbo sphereid based upon a discussion Q t 
mao meridian area measurei in Upland, Holland, Franco, Austria 
Italy, Pennsylvania, Pent, and at the Cape of Good Hope, La thfc 
discussion Laplace made use of the expression 

d=A + B sin >ip 

which gives the length of a degree of the meridian in a Sven ktit mb. 

A «„,1 B tab. fuBc.b.B of ,b„ As „„ b . ,7„ “ u »ut' 

lions are nece^y m order to determine the two unknowns soam 
pminjilo had to be assumed in order to obtain the best vuW from 
all the measurements, Lapkce adopted tho principle that the urn 
knowiis should lx- determined so as to fulfil] the conditions that when 
substituted m ho aberration equations they should make ihoX 
hraie sum of the errors m d equal to *o ro , and their s, in j, when all 
are taken positively, a mmmium. This gave the expression 

+613.1 sm 3 ip 
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for finding the length of u degree in any given latitude. On applying 
this fficpHStiott to the Lapland arc, however, it was found to given 
value 13S toises shorter than that fount) by observation, from whir It 
F. a place concluded that the earth deviates considerable' from the 
spheroidal form. It must be mentioned, tin the other hand, that in 
1WI an expedition was sent front Stockholm in charge of Sviinberg 
with instructions to measure the Lapland arc, with the result that 
he found for the length of I c a value about 300 ioises less ihuu that 
found by Manpertuis, thus conforming more closely to the value 
given by Laplace's empirical formula. 

During (fie nine tec nth century geodetic work was carried on vig¬ 
orously by every civilized nation, and great improvements were intro¬ 
duced in instruments and methods. The result of this activity is that 
wo now have tliti following arcs available for investigating the earth's 
figure: The British-French arc, extending from the Shetland Isles 
through France into Africa, and covering 27° 01' of latitude; the 
Russian are, extending from the Danube to the North Sea and having 
an amplitude of t?ii° 20'; t ho are of the parallel in latitude 52* extend” 
ing from the west coast of Ireland to the Ural Mountains and embrac¬ 
ing ®f* 6 5H of longitude; thn arc lately measured in Spitsbergen 
between latitudes 70* 3S' and ^0° 50' N,, which is important, on ac¬ 
count of its high northern latitude; the Indian arcs, including 24 
meridian arcs and 7 arcs of parallels of latitude; the South African 
nr*:; tho Peruvian arc, lately remeasured: the American oblique arc 
following the Atlantic coast fur a distance of 1,623 miles; tho western 
oblique are, extending along tho Pacific coast; the arc of the parallel 
of latitude 39° N., extending from the Atlantic to tho Pacific; tho 
ninety-eighth meridian arc, now well under way and to which Canada 
and Mexico have (>een invited to contribute their shares and winch 
when complete will extend over 50° of latitude. 

A proposal made by Sir David Gill should bo here mentioned. 
Wien dime ton of the Royal Observatory at Capo Town ho instituted 
the project of extending the South African triangulation through 
Ratal and then on through tho whole extent of tho African Continent, 
following tho meridian of 30° of east longitude, to Cairo, and l lienee 
on to connect with tho Russian arc on tho Black Sea. This arc will 
have a total amplitude of 105°. 

The application of the electric telegraph to longitudedeterminatbn 
has giveu measurements of arcs qf parallels of latitude an importance 
in these investigations fully equal to that of meridian are measure¬ 
ments. 

As additional data became available investigations were made from 
time to time to determine the spheroid that would best represent the 
measured arcs. The roost important of these were those made by 
Bessel in (341; Col. A 15, Clarke, of tho British Ordnance Survey, in 
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L8«B f mid another ill 1BS0; and Helmert in ! S»7. Clarko in ISGG also 
investigated the dimensions of the earth regarded as an ellipsoid hav¬ 
ing three unequal axes, using the same data as in determining the 
spheroid, and, as was to be expected, it satisfied the observations 
butter than the spheroid. The compression of tho Equator—which 
on this assumption is an ellipseof small eccentricity—was thus found 
to be 1/3,281, and the longitude of on* extremity of its niajur axis 15° 
31 f E. Another similar investigation made by Clarke in I87S rj. 
duced tho compression of th*Equator to yi3,7US and made ilio longi¬ 
tude of an extremity of its major axis S° 15' W. The fact that i,he 
use of additional data diminished tho eccentricity of the Equator is 
perhaps significant, showing that, disregarding local irregularities, the 
earth probably departs but little from tho spheroidal form. 

It must not ho inferred, however, that any spheroid or ellipsoid 
could over bo found that will exactly reprint idl observations 
There will always bo deferences between the computed or geodetic 
positions of points and those found by astronomical observation 
greatly in excess of the errors of observation. Three difference arise 
from deviations in tho direction of the plumb line, duo to local Irro^u- 
kritjes of density of tho matter composing the earth's crust. 

An important improvement in the method of investigating the 
Turin of tho earth was recently made by ,J. F. Havford, of tho United 
Mate* Geodetic Survey, using the data of that, survey alone He 
made use of 507 astronomical observations u f latitude, longitude and 
aximuth, connected with their triangulations, and allowed for tho 
attraction of the earth’s crust on the resumption that the condition 
termed isostasy exists at a depth of l U kilometers. Throe differ 
ent assumptions <if depth were made, but tins gave the best results 
His values were: 

a = 0,379,2.S3 meters, c= i: 297, S 

Vw Mowing Ls . tulmW «alon,„,» ol «, „( the di tMBinrtk«- 

uf tiu faW u[ Iho temstnal spheroid during tho tiinoteouth 
century and to dau*: ITU 


VtXlfl. 

0j *■ tl<.iClLi^ 

t 

Ltiulli of ! 
ratriftm 1 
iinadraaf. 

I' Ywi 

lly wthtnra. 

f- 

EpTClsffh Qf 
HlTT hUm i i 

MM*. 

tsifl.. 

i »... 

P.OOM. 

mi . 

i m* . . 

MO.-. 

Krhmiidti 

AtfJ.....'" 
Mm....... 

r|pJ*a. 

Prat 

h3H 

If XTXK 

I 1 :!HU 

h3*M 

1-23^1 

Irma 

ia>a»,QW 

Ifl.fflrt, MS 

to.miMJtt 

w.m m m 

Lo.Cte.bSfl 

iO.fiOJp&IZi 

! . 

. 

JffiL 

Ii7S. 

isso,,**...* 

lffc-7. 

W»ta. 

feta?""" 

gitnmrt.-**. 

1:SS 

1:^5 

1-2WIS ' 

JtmM 

a :-20T,* 

Hunus; 
to, oot.ro 

ffiWMW 
itf. route 
io F a&,thii 

+ + mm ■ 


In addition to tho mt-tbod 
geodetic measurements there 


of dotomiiiilug 
nro other* that 


earthy figure by 
must bo couaiderod 




































FOEM AND COXSTJT(JlTON OF EARTH-STEWABT* 1 71 

briefly. Foremoat among these is the method by pendulum experi- 
nionts. In 1743 Clairaut published his work on the figure of the 
earth; which eon Lai ns a remarkable theorem showing a comn*e!ir>n 
between (he force of gravity at a point on the earth's surface in given 
latitude and the compression of iho earth. The part played by the 
pendulum in the application of this method is the determination of 
the force of gravity, as tho time of oscillation of a pendulum varies 
dirttctly as the square root of its length, and inversely as tho square 
root of the force of the earth's attraction. If then the time of vibra¬ 
tion of a pendulum of a known length be observed, the value of the 
force of gravity follows. 

Since 1808 pendulum experiments have been made in various 
parts of the world ranging from the Southern Hemisphere to Green- 
lam! and Spitsbergen, In 1901, by a discussion of about 1,400 
observations of g made during the nineteenth century, Helmert ob¬ 
tained the value of the compression 1:298.3. 

Other methods of finding this quantity, which aro purely astrono¬ 
mical, are by lunar perturbations and lunar parallax. There aro 
certain disturbances of tho moon’s motion that are caused by the 
earths spheroidal figure, and their expressions aw therefore in 
terms of the compression. If then the amount of the lunar pertur¬ 
bations is found by observation the compression of the earth can bo 
found from it. The value fount! in t his way is I ;297.S. 

Observations of lunar parallax may also be employed for this pur¬ 
pose, whether made by tho meridian method or tho diurnal method. 
Sir David GiU has lately advocated tho use of this latter method, 
lie considered that if all the observatories situated not too far from 
the Equator were to cooperate in taking systematic observations of 
the moon a very precise value i»f tho compression could be found. 

To sum up: It is probable that tho final values of the major seml- 
axw and the compression or the elliptic meridian will bo found to 
oilier but little from the quantities: 

0=6,378,200 

e=l :29S 

To return to the term "isoeUey’'—tlm condition may be defined 
as follows: Imagine a spheroid concent ric with the terrestrial spheroid 
and whoso surface is everywhere about 7U miles within that of tho 
latter, than the pressure on all parts of the surface of this inner 
spheroid, due to tho weight of the superincumbent crust, is the same. 
Iu other words, all prisiuaric columns of the earths crust having tho 
same cross section and extending from tho surface down Lo the 
isostatic surface—as it may be termed—have tho same mass, ilay- 
ford's invtwiigalions show that geodesy furnishes positive proof of 
the existence of iaosiusy, and places tho kostaiiu surface at a depth 
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of 70 mill's, and shows., moreover, that that depth is almost certainly 
not less than GJ mill’s, nor greater than 87 miles. 

Pendulum experiments also show that there in a deficiency of 
gravitating matter beneath mountain ranges and table lands, and an 
excess near lho seashore. This has been especially observable in 
India, where at elevated points near the Himalayas tile value of the 
force of gravity bus been found to bo the same as it would have been 
if there wore no intervening mountain mass between tUo point, of 
observation mid sea level. On the other hand, in the neighborhood 
of the Indian Ocean an uxcesg of attracting matter was revealed. 
Facta like than- first led Archdeacon Pratt to suspect the exist once 
of isostasy, 

Wo see, however, various agencies at work on Lho earth's surface 
that must tend to disturb this isostatic condition. Mountains ftro 
being worn down by the action of water and their materials trans¬ 
ported to lower elevations, and there deposited, If p then, tliis state 
of isostnsy is maintained, it must bo effected by a counter flow of 
material in the opposite direction somewhere below lho surface. 
Geology furnishes evidence that, this takes place by the fact that in 
spite of rapid denudation mountain regions are often observed to 
maintain their elevation, as if they were raised from below os fast 
as they are lorn down from above. Also sedimentary rocks of great 
thickness, such as tho PaleoKoie formations of the Appalachian 
region, contain shallow-water fossils throughout, showing (hat the 
sea bottom must have sunk as fast as sediment was piled upon it, 
Similar exam plea occur in many other localities. 

On the theory of isostasv tho interior portion of cur glolus, within 
the layer of compensation is composed of material of the same density 
at equal distances from the center—or rather, the layers of equal 
density sre concentric spheroids. The theory that the crust of the 
earth is only a few mill’s in thickness, and rests upon an intensely 
honied! molten interior. Is no longer tenable. It is now known that 
the earth us a whole possesses a high degree of effective rigidity, us 
great as if it wore composed throughout of steel. It is no doubt true 
that the Interior of the earth is in an intensely heated condition and 
that it appears to possess some of the properties of a fluid; at the siuna 
time it behaves In many respects os a solid, 

A heated and therefore cooling body liko the earth must shrink; 
and thus its solid outer crust would bo continually under the necessity 
of adapting itself to a contracting interior. This would give rise to 
enormous tangential stresses in the crust to which it must ovontually 
yield. That this has taken place in the past is evidenced by the plica- 
Lions and dislocations shown in the rock strata that compose the 
crest; und to the fact that it is still taking place me probably duo tho 
earthquake shocks that are of almost daily occurrence in some part 
of die world, It is practically certain that no earthquake center kus 
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been situated at a greater depth than 30 miles below the earth’s sur¬ 
face, arid probably not below 20 miles, from which it would appear 
that any transfer of material that may occur at greater depths must 
take place without, shock, and that consequently the material there 
must behave as a lluid. 

Tile moat valuable evidence regarding the earth’s interior is 
afforded by the study of earthquake phenomena. An earthquake 
shock occurs in some part of the world, and at once elastic vibrations 
are set up in the surrounding material which arc propagated in oil 
directions from the center of disturbance, and leave their records upon 
the seismographs installed at stations in various parts of the world. 
By a study of these records some important conclusions con be drawn. 

In the first place it is found that tlie earthquake waves that reach 
stations within about 20° of the center of disturbance are of an 
entirely different character from those observed at more distant sta¬ 
tions. The former are confined to the earth's crust, while the latter 
travel through the earth by the shortest rente, or possibly by brochy- 
atochrenic mutes, or rentes of shortest time. It is with the latter that 
wo are chiefly concerned. 

A study of a groat mass of data regarding these long distance waves 
has revealed the following facts: 

These waves may be divided into preliminary tremors—of which 
there are two phases—and largo waves. The time required for the 
waves of the first phase to travel from an earthquake center to a 
distant station is proportional to the length of the chord drawn 
1 ietween those points. From this it may bo inferred that those waves 
travel at a uniform rate idong chords, that rate being about 0.25 
kiln motors per second. The times required for waves of the second 
phase to reach tho distant stations are not proportional to t he lengths 
of the chords, but show a velocity increasing with the distance trav¬ 
eled according to some law not yet understood. Tho forgo waves are 
propagated along tho surface of tho earth, and have a uniform velocity 
of about 2,05 kilometers per second. 

The generally accepted view regarding the preliminary t remors U 
thru those of the first ptmse are longitudinal waves, while those of the 
second phase are transverse or distortioiinl waves. As the velocltv 
of propagat ion of a longitudinal wave varies as the square root of tho 
ratio of the volume-elasticity to tho density of the medium, it appears 
that, whatever tlio composition of tho interior of the earth, tho ratio 
of volume-elasticity to density must be constant at all depths, tmd 
therefore constant with varying density of the medium traversed. 
This is a property of gases, If the waves of the second phase are trans¬ 
verse waves it would appear t hat this same medium Is capable of trans¬ 
mit ting such waves, which can not lie transmitted by fluids or gases, 
Until the law of their increase of velocity with distance, and therefore 
with depth, is better understood, it is too soon to draw any conclu- 
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sious regarding the nature of these waves, nod of die medium by which 
they ore transmitted. 

Prof. Nugnnka. of the University of Tokto, investigated the densi- 
ties, Hn-r ieilles, moduli of rigidity, and the velocities of transmission 
of longit ud iniil and transverse waves, for the various kinds of rock that 
compose the earth's enist. An important result is to show* that while 
there is a slight increase of density in going from the Quaternary to the 
Arrhiean rocks there Ls a large increase of elasticity, tin that the rate of 
propagation of wnvp motion in the lat ter rocks is much greater than 
in the former, the velocities for longitudinal waves going as high os G 
and 7 kilometers per second. It may he stated here that the velocity 
in an unlimited medium of steel would he fl.2 kilometers per second. 
It might ihen he inferred that at great depths in the earth the ratio of 
elasticity to density may continue to increase with depth to a certain 
point, so ns to permit of the great velocities nf wave transmission 
observable in earthquake phenomena. 

Prof. Millie concludes from the velocities of seismic waves at differ¬ 
ent depths that the materials and general characters or the crust of 
the earth that are found at the surface may extend to a depth of almut 
SO miles, but beyond that the material seems rapidly to merge into a 
fairly homogeneous nucleus. This state probably extends to n drpth 
of six-tenths of the radius, hut the remaining four-tenths forms a core 
which differs in its physical, and possibly its chemical, constitution, 
from the outer portion. What the state of this nucleus is must be a 
matter largely of conjecture until wc have a full it knowledge of the 
state of matter when subjected to the vast pressures that must exist 
within the earth's interior. 

Additional evidence that the earth us a whole is at least ns rigid os 
steel wfurnished by a study of tidal phenomena, and also by the varia¬ 
tion of latitude. That bodily tides arc caused by tho moon in the .solid 
earth has been proved by Hooker; and Sir George Darw in found by a 
study of tho tides of long period at different ports, extending over an 
interval of 33 years, that tho ocean tides are about two-thirds as great 
as if the earth were unyielding. Jin also showed thi^t this is (he ratio 
that theoretic oily should exist if the rigidity of the earth were that, of 
steel. 

With regard to the variation of latitude, Euler showed that if the 
earth's axis of relation and figure do not coincide one axis will revolve 
•shout tlm other in a period of 305 days. All attempts to discover a 
periodicity in latitude variations, however, were futile until Chandler 
by a Study of a great mass of material.-shown! that a period exists’ 
but instead of 305 days ho shown! a period of 407 days. Jt was then 
pointed out by Newcomb that Euler had assumed the earth to be 
perfectly rigid, and that by assuming its rigidity m P qi iB j lfp tJiat of 
steel tho period would become 457 days. The inference to be drawn 
from this evidence is that tho earth is more rigid than steel. 


SOME REMARK? ON LOGARITHMS APROPOS TO THEIR 

TEBCENTENAHY^ 
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[With 2 pb.|4)H r ] 

The Royal Society of Edinburgh during tlan last week nf July, 
10M. fittingly observed the tercentenary of the invention of loga¬ 
rithms by John Napier, Baron of Mordriston, whose name, Latinized 
in l he form of Noperus, has become in French X6pcr. In Juhy 
111 14, Napier published at Edinburgh, under the title “Mirifid. 
Logarithmorum Ctmonis Descriptio," a quarto work of at; pages 
of text and 9G pages of tables, dedicated to the Prince of Wales Galcr 
the unfortunate King Charles I), which was to revolutionize the art 
of numerical calculation, and exercise a prodigious influence on the 
development of ail collateral sciences, astronomy jn particular. 

Wo can not on this occasion fail to recall that one of the first anti 
most eager adopts at the new method of calculation was Kepler, 
who, by his own confession, would perhaps without this aid have 
given up the preparation of those tables from which with the intui¬ 
tion of a genius ha was to evolve the marvelous laws of the plane¬ 
tary movements which bear his name, and which in their turn led 
Newton to what is undoubtedly the highest human achievement in 
the re aim of natural philosophy—the principle of universal gravitation, 
It seems, besides, that Napier, an essentially mystic spirit, must 
have foreseen all the progress of which his invention was to be tho 
source when he ended the book in which ho made that invent ion 
known with these words, **Interim hoc brevi opusculo fruamlni 
Dew jus opifici summo omniumquo bonorum opitulatori laudem sum- 
mum ct gloriam tribuite” {let those who reap the harvest of this 
small work pay a tribute of glory and thankfulness to God, sovereign 
author and dispenser of all good). 

Logarithms in our day dtp so familiar to all who hare taken np 
mathematics in any way, even tho mere elementary branches, that 
the extraordinary originality of the discovery which gave them 
birth is perhaps somewhat shadowed. 

On the other hand, those who are unfamiliar with the study of 
the exact sciences and know logarithms by name only, ore apt to 
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aw in them a hind of secret conferring on l ho ini tin led a mysterious 
power over numbers. 

Hie first are at fault in not sufficiently appreciating the great 
ingenuity of this efficient means of simplifying calculations, the sec¬ 
ond in attributing to it a character somewhat cabalistic. 

For the uses to which they lend themselves there is nothing so 
simple as logarithms. These uses are founded entirely on a prop¬ 
erty which wo will explain: For every number, the logarithmic tables 
have another corresponding number which is called the logarithm 
of the first, and when a number A is equal to the product of two 
other numbers, B and C, the logarithm of A is equal to the sum of 
the logarithms of B and C, 

It is this faculty which logarithms confer, of replacing all multi¬ 
plication by a simple addition, that is the source of idl the simplifi¬ 
cations attending their use. To obtain the product of B multiplied 
by C, one looks in the table for the logarithms of B and C (which 
may l>e represented by $ and e) and performs the addition i plus e. 
If ei is this sum, the table shows the number A of which a is the 
logarithm; this number A is equal to the product desired, B multi¬ 
plied by C, 

Inversely, if it is desired to divide A by B, the difference, <i minus 
b, of their logarithms is obtained, and if it ts found to be c, it is only 
necessary to read in the table the number C of which the logarithm 
is e; this number C is the quotient desired. 

As a general rule, in order to obtain the product of any number of 
factors, it is sufficient to take the sum of the logarithms of those 
factors; this sum is the logarithm of the product which is then read 
In the table, opposite its logarithm. 

In particular, the nth power of it number, which is the product of 
« factors equal to this number, lias for n logarithm n times the loga¬ 
rithm of the given number. Inversely, if the nth root of a number 
is desired, it is only necessary to divide by n the logarithm of that 
number; the quotient obtained is the logarithm of the desired root. 
Is there need of insisting on the simplicity of this method of working 
compared with that which mode the poor scholars grow pale who 
were forced to apply the arithmetic rule to the ext raction of square 
and cube roots I It is not uncommon even to find certain students 
who, deceived by a false appearance, imagine that if they work 
deeper in (he realm of mat-hems lies, they' would find need for calcu¬ 
lations oven more dry' and repelling, when, on the contrary, the fur¬ 
ther one advances, the more are methods discovered which are simpler 
neat, and apt, designed not only to satisfy but even to delight the 
mind. 

And on this occasion one may be led to ask himself whether, 
instead of holding young scholars down to t he application of processes 



r r 77l S?S r 

Logarithm onfm 

Qmnis dejcripth, 

Ejuique ufus, in uiraquc 
7 rigmiomctna u^mmun 

Omni Lftgirtic.1 


fyUiri/fcd # »£ 

Authorcac PB 

iDASNf NB 1 

Diconr^Lti ! .it 

er*. 


ExeScini AND HEM H A R T 

Dt* v m 


SiWilhn&FiEin Krctfri. 19S4 ^f'Dc#fn*. 


Plate L 


Fno«Tispieee of the First Eomoi# of Nares's Tables of Looahithmsl 
^ Ke£hftMltH: 4 :il Frmn tlte c*.i|iy in Hie til-rnt} of itw ijuUCulo. ]j 



































5ml1hinniin R^p^-rt, 15! 4—d'Oetirt*. 


Plate 2, 


John ,N*flER OF MEHCHiSTON, NvEHTOR OF Lqqari fHM$_ 
(Atl* T* tirtbt a ta lLc SjiEJcffln] UL.t»ry,J. 









LOG VEtl Tli M S-—D \ M' At; N 


177 


which in iheiu^ehes are certainly of great worth though without 
tnu' practical usefulness, it would no l he baiter In initiate them from 
t he? start in the handling of logarithm*, reserving tin- 1 heipry for later 
explanation; this question, unites it ho decided a priori, should at 
least he seriously examined. 

The great us^fulnc^-i of logarithms was everywhere manifest from 
ihi^ slurl p particularly in trigonometric calculations involving sines* 
cosines, tangents, cntangents* etc.* as in astronomy, especially navi¬ 
gation, so that to the tables of logarithms of numbers there were 
promptly added tliEjse of trigonometric functions* 

But it would still he underestimating the exceptional importance 
of logarithms to consider them only from this utilitarian point of 
view, however important it may be. In reality, the contribution 
of 11iis new invention him been found to constitute, not only in (lie 
domain of simple eulrulutinn, but also in that of pure mathematics 
considered under the form of algebra, an acquisition nf the very 
first order, t he initiator of great progress, both in itself, and because 
of the unexpected generalit ies of w hich it has Ihmui the source. There 
is no need to dwell here on this side of the subject* which to mat he- 
maticiaris is the most captivating, but it is not fitting in Llm rapid 
explanation of the whole subject to leave it entirely in the shade, 

men li system uf logarithms is once formula ted there can evi¬ 
dently be deduced from it an infinite number of others by mu i Imply¬ 
ing all the Logarithms of Hie first system by the same factor, what¬ 
ever it may be. What characterizes each of these systems m the 
number which takes for a logarithm, unity, a number which is called 
the base of the system. The simplest system employed fur nil ordb 
nary uses, and w hich for this reason is given the name if common/ 1 is 
that of which the base is 10. But strange to any, this is not. the 
system of which Napier at first dreamed; that one. had for a base a 
certain mcotrmioasuriiblc munber which* like the well-known number 
it i ratio of the eireutnference to the diameter), belongs to the class 
of numbers which mathematicians cull Emi^cnduitfc, 1 a number 
equally designed, however, for Universal use by n special natal ion, 
and designated by the letter r. Now* ami this is somewhat remarka¬ 
ble* it Lh precisely this initial system of Napier which in the domain 
of analysis plays a rfllo indeed fundamental; it is these Nape nan 
logarithms which enter directly into tho speculations «f the mathe¬ 
matician* giving them the name of natural logarithm* f as it is the 
common logarithms which constitute the daily implement used by 
the calculator; tho passage from one to the other, moreover, is 
made easier since it. i* again a matter of multiplication by u constant 

1 1 TtMae M®* 1 * "O? thim wkldi eld alpfl'rtiJcal oquaLkra with, luicgjil wflk kmU atn (nl* 1 nc a ihH 
Samtors melt u v Hre tnk.»l irN^n^mnrfiiilo <*? 4 vmfit CTr*ra.Ihltfml* *lilt mi illicit* ieuhlI vf lit 
Rgkim )„ hui Uwr an bM inuia&ijplmu, y 3 in fun leuloi talaf a yoot of U«b eauatUai jl—2-0. 
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factor, the modulus (a multiplication itself effected by means of 
logarithms'). 

But it is worthy of mention that Napier hi instil, after having pro¬ 
duced his initial system of logarithms which we call NaperUn, noted 
the utility, from a practical point of view, of adopting the common 
logarithm with the hose l». Death prevented him however, from 
realizing this reform, of which he had merely confided the plan to 
his son, ami it is to his friend, Heim Briggs* professor at Gresham 
College in Loudon, that should ho given the credit for making known 
for the first time in 1024 in his Aritbmotica Logarithmica, these new 
logarithms whose use has become universal. 

Except those of tho exact powers of 10, as 100, 1,000, etc., the 
common logarithms of nil whole numbers are incommensurable 
numbers, that is, numbers represented decimally bv an infinite suc¬ 
cession of figures. In order by their means, to obtain results of cal¬ 
culations closer and closer alike, it is necessary to obtain the loga¬ 
rithms themselves with a greater and greater number of decimals 

It was with 14 decimals that Briggs had the patience himself to 
calculate the logarithms of whole numbers from 1 to 20,000, ami 
lrom 00,000 to 100,000. The lacuna of from 20,000 to 90 000 was 
filled in in 1028 by the Dutch mathematician Uacq in tho second 
edition of the Arithmetic* Logarithmica, published j n Gouda J t 
was in the Home year and in the same city that were given by the 
Englishman Grib brand. it» his Trigoimmctria Uritannicu the first 
tables of logarithms of trigonometrical fund inns. It wl* ta this 
date that logarithms were introduced into the ordinary i wtw (lf 

'Hiew early tables have constituted a treasure bouao from which 
till- majority of subsequent editors have borrow .',I, thus,., who swot l 
ing to the degree of approximation which they had in view W* 
merely had to extinct from them selected table* more restricted ir 
decimals (falling to 5 aud even to 4), in order to introduce inmrove- 
nienta in general arrangement, the classification of the numbers 
the readability, and finally their accuracy, for it must Indeed L. 
admitted that some few errors had crept into the fimt . ^ 
Vlncip but these mistakes have had at least the great adviuiPr* f 
establishing the character id those mere copies which oLh^’ 
might have been taken for originals. Such was the caa .1 win, ^ 
tables recovered in China in the course of the nineteenth ct ’ rLujJ1 
to which the Mandarins, no doubt in good (uith, hmj aU^’l 
great antiquity, but the presence therein of mistakes churn ? ^ ^ 
of Vlacq remove.I any doubt as to their real origin ,i "'* enstlc 

Napier from being despoiled of his fame to the profit , f 1 | 1 ' 1 t )rt - v ®ated 
ary figure rising suddenly from the depths t .f ih,. Su ' m ' > L 'fs e m|- 
tui Empire. lt, 0 of the CeW 
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It would < like much too long to puss in review the editions of 
tables of logarithms published in various eo tin tries ‘during the Inst 
three centuries; the number certainly exceeds 500.* 

As to France, it must not be forgotten that Napier's book, intro¬ 
duced into our country by Henrion, whs republished in Lyon in 1620. J 
What arc known its “ common” logarithms, were brought into France 
by the Englishman Wingate, who likewise contributed to popular¬ 
izing the slide rule. 

Some tables in seven decimals, by Gardiner, were in 1770, issued 
in an elaborate edition at Avignon though the work was quite un¬ 
manageable on account of its folio form. On the completion of these. 
Collet reproduced them in 1785, in a volume of convenient size, tho 
execution of which does honor to the capable printer Am bruise Didot. 
At the time of a new edition of this work, in 1705. Firm in Didot, 
son of Ambroise, invented the stereotype, which has the great ad¬ 
vantage ol permitting the correction of mistakes ns soon us they 
arc recognized without running the risk of Lni reducing new ones. 

No work on logarithms not bused on the prototype of Vlacq, wee 
published before the end of the eighteenth century when the rtdoj*- 
l imt in France of the metric system, enI ailing the centesimal division 
of tile quadrant, required the calculation of new t rigonometric (aides. 
The direction of this important work was unfort uu at civ given to 
Pinny who organized it in u. truly remarkable way. Having confided 
the choice of methods a nit tho establishment of formulas to several 
mathematicians of whom the best known was the illustrious Legendre, 
and having entrusted the determination of retail Is which may ho 
called primary, to professional calculators, he gave the task of Idling 
the rest of the columns I Hymn I these primary results to assistants 
who, in the domain of calculation, could he regarded only ns ordi¬ 
nary workmen apt merely in performing additions required by tho 
use, directed by tho professionals, of the method of differences. It 
is curious to note that the majority of these assistants had been 
recruited from among the hair-dressers whom the abandonment of 
the powdered wig in men's fashion hud deprived of it livelihood. It 
goes without saving that in view of the control of the results {carried 
out to the fourteenth decimal), all these cali'iiltUions were done in 
du plica to in localities distant from one another. 

These tables of Penny, called also U du cadastre,” of which tho 
publication, cut by Didot to 12 decimals, was interrupted for the 
June by the failure of the assignats, gave birth, several years ago, to 
till' eight-decimal fables of the geographical service of the Army, 
executed by- the National Printery with type specially cast for the 
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purpose, which made of them a work Almost without rivril for ils 

beauty. 

Finally, it is known that the distinguished professor of astronomy 
at tho Sorlmnno, Prof. Anduyer, has now undertaken the task of 
(■recalculating a complete table of logarithm*, which in this brunch 
of learning, will remain as lho most important work of our epoch. 

Let t»s add, ns a matter of curiosity, that certain tables, of very 
rest rid ml length, have been published with a very grout number of 
decimals for the extremely precise calculations exacted by certain 
purely thoorolkftl questions. W« may cite in this connection the 
Wolfram tables with 4$ decimals; those of Sharp with til decimals; and 
finally, those of Ad tuns with 260 decimals. These last contain only 
tin* natural logarithms of the numbers 2 , 3, 6 , 7, 10 , and that of the 
factor (modulus) which permits passing from these logarithms to the 
common logarithms, 

In the above remarks concerning t he process used by Prony in ihn 
calculation of his tables, it lias been shown I lint (he greatest pari of 
the work is reduced to simple addition required by the application of 
what melhcmatiet an s eidl the method of differences. This im- 
mediately brings up the possibility of entrusting the preparation of 
the tables of logarithms to calculating machines, of the typo called 
“for differences.” This is not a matter of lie I ion, for a machine of 
this type invented by the Swedes, Schauta, fa[ her ami soil, and shown 
at the Universal Exposition in Paris in 1855, hos been found adapted 
to such an operation, Atld nol only .iocs it effect the calculation of 
logarithms, hut it also stumps the results us depressions in a lead 
plain after the method of stereotyping, calculating and stereotyping 
at the taiiw tun® two and a half pages of tables in the some time that 
a good compositor would need to set up a single page. Through I he 
liberality of a wealthy American merchant, Mr. Rnthbaoe, this 
machine became I he property of the Dudley Observatory at Albany 
X. V.. and has there effectively served to calculate tables of which 
some examples were pul on sale in Paris in 185$. 

However invaluable tho I able* of logarithms may be to calculating 
humanity, they do not in themselves constitute the entire bone Jit 
derived from the ingenious invention of Napier. Indeed, scarcely 
had this invention como to light when it w«s transformed by dm 
Englishman ,Gunter, into the logarithmic scale, on which (he functions 
at least for certain numbers, are at distances from tluo origin nrotjor 
tiouul to the loguriihnm of three number. This simple ink J 
Gunter, a kind of graphic representation of Napier's table WflS - m 5t „ 
turn to become the sourer* of a mini Ivor of improvements in the 
organisation of means by winch tho calculator could mom iin .t m 
simplify hb task. T( was in fact Gunters Beak which -ave J,LlbT 
the slide rule* ™ cnfcuhiting circles whose . ls © Ls to-<Uy 4o ' ^d {° 
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extended, of which the primitive type, conceived in 1632 by Onghtred, 
luis since then, will] curious modifies!ions in detail, multiplied in an 
iuiimlo number of varieties. 1 

Combined with diverso mechanical means, such logarithmic 
circles have in their turn brought about the construction of machines 
to accomplish operations of a very different complication; such u 
one is that extraordinary machine for resolving algebraic equations 
of any degree whatever, designed about 20 yearn ago by M. Torrte- 
Quevodo, and which that ingenious Spanish scholar exhibited several 
months ago, among many other devices of his own invention, hot less 
surprising, ill tho mechanical laboratory of the Sorhonua. 

It L* also from the logarithmic scale that Lain one derived the idea 
of anamorphosis, announced in 1843, which has so notably con¬ 
tributed to the development of graphic methods of calculation ami 
has been the origin of ihe new conceptions which gradually developed 
into what is to-day known as Nomography. 

When w*e thus rapidly glance at the great multiplicity of results 
in practice and In theory which have sprung, from the invention of 
tho Scotch lord in 1614, we cone to realize that of till the achieve¬ 
ments of human genius, not one has surpassed this in fecundity, and 
We can have only praise fur tho happy initiative which, as shown by 
the Impressive celebration of its tercentenary, has led the public 
thought toward the source of so much progress, 

i CJsa IliRici Iti^fhOin 10J ihs idJifamil nurhuiTfa d at Eiaphlo idcLImsJj which hmi™ bovii dgrlp*! fnr (hi 
dmp diAwiLun tot mnwikid m thfl wtwk of Uj*hij lW qI E4» pamA mitidm * Lo cafcufc sin** 

pJ-Uk* |Nif le pwnd^ tuforuiiJjuMflt *yaj*hiquc=: rr by Cliulhjtf-ViJkni. 
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MODERN VIEWS ON THE CONSTITUTION OF THE ATOM.* 


Uy 1’nf. A. 8. Eifit, 
16)001 Unimtiiy. 


At a mating of the Royal Society of Canada. held at Montreal) 
May p 14, the writer gnve by request a summary of recent work 
and ideas on the nature of iho atom. The object wa$ ti> concentrate, 
dearly ns possible* but not exhaustively, the results and opinions 
scattered through many different publications. Few men have time 
or opportunity to collect and analyze for themselves the large output 
bearing mi Lius fascinatingsubject, 

1. It may he well to call attention to the general bearing of the 
sdtnation. Riidogists are divided into three Gamps, vita lists* med i an- 
ists r and those who ait on tho boundary fence. The meohailkte be¬ 
lieve that all phenomom relating to life are attributed to the action 
of physical and chemical processes only. The vita lists believe Unit 
life involves .something beyond and behind these. Now those who 
investigate natural philosophy, or physios, are endeavoring with some 
fair initial success, to explain all physical and chemical processes in 
terms of positive electrons, uqgative dcetrons ? and of the effects 
produces! by these in the ether, or space devoid of matter. 

If both the mechanists arc right, and tdso the physicists, then such 
phenomena sis heredity and memruy and intDiligence, and our ideas 
of morality and religion, and nil sorts of complicated affairs are ex- 
plain able in terms of positive and negative electrons and ether. 
All €if these speculations are really outside the domain of science, at 
least ut present. 

2. It has been remarked by Poincare that each fresh discovery in 
physics adds a new load on the atom. The conditions which the 
Atoms have to explain may indeed he written down, but to do so is 
merely to make a com plate index for nil banks mi physics and chem¬ 
istry in the wide^L sense. 

3. In the early days of the kinetic theory* of gases, now well estab¬ 
lished in its broad outlines, it was snlllrietit to regard the atom as a 
perfectly elastic sphere, and it is about a generation ago } that lead- 

* CfT^intn-S iiy E<4HTnlad«] from Scloira, July 2*, \VH 
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iiig aavante were triumphantly determining the effective radius ns 
about ur* cm. (a convenient shorthand for the hundred millionth 
of a centimeter). 

The discovery of electrons as the cathode mys of an electric dis¬ 
charge in an exhausted tube, and as the beta rays of radium, opened 
up new regions. It appears that negative electricity consists of 
electrons with tlieir accompanying but unexplained effects in the 
other. Electrons in motion produce magnetic fields. Their effec- 
tivnmans is nh.-ut one eighteen hundredth part of that iff a hydrogen 
atom, and their effective radius one hundred thousandth. Tho 
greatest known speed of electrons nearly approaches that of light. 

The Zeeman effect, or separation of a single lino in tho spectrum 
bv suitable magnetic fields into two or more lituv, proVcd con- 
clusivdy that the vibratioiLs of negative electrons in the atom are 
tho cause of tho disturbances in the Other which wo know as light. 

4. Tho first schema of on electronic atom, propounded by Sir 
Joseph Thomson, wits a sphere of positive electricity of undefined 
character, within which revolved cono oniric rings of electrons in the 
smne plane. There necessarily followed the simplicity of circular 
i nji j.il>n under a forme to the center, proportional to the distance be¬ 
tween tho electron and tho center of the atom. 

5 . Previous to this Lord Rayleigh had culled attention to a serious 
anomaly. In a train of waves of a periodic character, the electric 
intensity E varies as the ntno of n(, where t is the time and 2 jt/h is 
the period. As tho equations involve the second differential of E, 
it appears inevitable that tho square nf n should appear in the luw 
for spectral sorics, -Is ft matter of fact there appears not the square 
of n, but n itself. It is deeirahle to be more explicit. If parallel 
light from a luminous source passes through a slit and n prism, 
together with suitable lenses, then the eye or photographic plate can 
detect ft number nf bright lines forming tho spectral images of tho 
slit for different colors, provided that tlio light Is from luminous 
mercury vapor or hydrogen, or some such source. Many iff there 
linen have boon found to belong to one or more scries crowding to- 
gethef toward the violet ond, Ualmor and Rydberg have found 
that tho general type of formula fur their frequency « Ls 



where N„ is a universal constant called Rydberg’s tlumber, the same 
in value fur all dis'truns of all atoms; and a and b are whole numbers 
or integers. We shall refer later to tho inipitrUiuce iff [lyd here a 
ctiiL-taiit aud of this magnificent genoraliaation. b 
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The trouble to which Rayleigh referred was first faced by Kit* in 
a startling maimer. Ho uimgmed that there Mere inside the atom, 
placed end to end, a number of mnall magnet with tm electron con- 
strained to move in a r-imilar path around the line of magnets. 
With this hypothesis he was able to account correctly for the above 
law for senes of lines in the spectrum* 

We may appreciate Poincares criticism 

Uu a quclquc peino k accepter cette roncrptiwi, qui m je nn Kiii quai d’srti Ariel. 

Inasmuch as physicists endeavor to explain magiudjsm in terms 
of revolving electrons, there is a luck of simplicity, and there b an 
inconsistency, in introducing elemental magneto inside the atom. 
Nevertheless, it must be admitted that Weiss has fornid remarkable 
evidence for the iJohceptiou of magnetons or elemental unit magnets, 
producing intramolecular Jidda reaching to millions of Gauss units, 
far transcending any produced by our most powerful electromagnet.^ 
and difficult to explain by revolving electrons* 

Again to quote Poincare 

Qu 1 ftitrtv DnhuCciiant qu r Lm ma^LtmiV Esi-rfl quelque chcftc do tirnplo? Son, 
si Foa no voul jia* irnnncw k ihypoliiikrtj do* portico [lira ij'Axup^re, un 

mii^En-lcn od ulrara mi tourbiliim dYlecLnuu, tt voLla uuLre utonw qui compllqao Ut* 
ptuj en phi*. 

Perhaps the hypothesis of Bohr, explained later, may overcome the 
dlllivi illy, hut for some time to come the more prudent will suspend 
judgment on the magneton. 

Recently there has been noticing short of a revolution in physics* 
In certain domains, the leading workers and thinkers Imve deliberated v 
abandoned fJto classical dynamics and electmlyu amice, and made 
fiuppusilions which are in direct opposition to these. This startling 
change may perhaps be justified by the fact that the famous kws 
and equations were based on large-scale experiments, so that they 
do not necessarily apply to conditions within the atom, Those who 
put forward and nmfcp use of Liu? new hypotheses, men like Planck 
and Loranta, Poincare and jeans, and others, appear to do so with 
rductance r like a retiring army forced, from one position to another. 
Others! Like Rayleigh and Lariuor* appear to regard the whole move¬ 
ment with misgivings, and some endeavor, like Walker and Cullendar, 
tu find a way out. There is a young school who go joyfully forward, 
selecting and suggest in*: somewhat wild hypotheses, and yet attain¬ 
ing an unexpected measure of success by their apparently recfclisss 
methods 

The main phenomena lo which the new mechanics have been ap¬ 
plied are the radiation within an inclosure, and the distribution of 
energy therein ; the high speed of electrons ejected from matter by 
ultra-violet light, or by Ronlgeii rays, or by the gamma or peuo- 
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i.mring ruya f rom rudiotkcti vi* substances, or, ns I suggest that we call 
them, from radiants; the atomic hunt of elements, so admirably ban- 
tiled by Debye; the residual energy at low temperatures; and the 
(oust"milinn el Ihe atom. 

Space prevents u& from considering more than the lost of these. 

The first Rte|) toward the new method was taken by Planck when 
he saw the necessity of explaining why the energy of short-wave 
radiation is some hundred millionth part of that demanded by rlass- 
icid dynamic 0 lie made the flupp^ition that energy is not iiulefi- 
nitelv divisible, bill he did not asaunm flint it was atomic, lie 
actually imagined tlint energy was emitted from oscillators hi exue t 
multiples of fin, where n is the frequency of the tweHlatioii and fi is 
a universal constant i'Planck's) with a value GJiX 1(1 _3T erg second. 
The magnitude of the energy quantum is thus proportional to the 
frequency. 

Tliis quantum hypothesis has spread like fire during a drought. 
It pervades the scientific journals. No physicist has pretended to 
explain or understand it, for, as .fenns says, the lucky guess has not 
yet been made. Nevertheless, it appears thnt “fi 11 lias truth under¬ 
lying it, and that it has name to stay, for the applications of the 
quantum hypothesis have already achieved a great and unexpected 
measure of success. In the meantime it is necessary to proceed with 
million, checking every theory by experiment, for there is no other 
criterion to guide the investigator, whether to hold to the old »r try 
the now'. 

7 . The firat steps toward the idea of the modern or Kullmrfnrdinn 
atom rest on art experimental hosts, and are not, therefore, open to 

suspicion. 

Rutherford and floiger found that when ihe alpha particles from 
u radiant, such as radium or polonium, met a thin gold leaf, th« bulk 
of tho alpha particles passed through with slight deflection, hut 
about I in 8,000 bounced hack, or returned toward the aide of (heir 
source. Both large and small deviations nf the alpha particles in 
passing through mutter were satisfactorily explained by ordinary or 
Newtonian dynamics, with the law of repulsion inversely ^ 
square of the distance between similar electric charges. One charged 
particle was the alpha particle with ujiusitive charge twice as large, 
numerically, as that, of an electron. Tho other charged particle was 
thu nucleus of the atom of gold, and the magnitude of this charge 
Wtas about JA where A Is tho atomic weight of gold. This view was 
subjected to a searching series of experinumtal tests U nd emerged 
triumphant. 

S. About this lime (’. T. R. Wilson skilfully obtained photographs 
of tho misi-ladened, charged air raolwules, marking the track of 
recent alpha particle, m an expansion chamber. ° Some of them 
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phonographs showed whore a rulUsion had occurred between the 
alpha particle and one c^f the heavier molecules nf air. I t immedi¬ 
ately occurred lu Sir Ernest- Rutherford that- a collision Eel ween an 
alpha particle a tit I a lighter atom, such as hydrogen, would result in 
the nucleus of the latter being projected beyond the If down range 
of the alpha particle. The point was put to the test by Maraden, and 
n complete justification of Rutherford's nucleus’ resulted. The 
hydrogen nuclei were found in produce scintillations on a xine sub 
plikle screen m a range about four limes as great as that nf the alpha 
particles. Some mathematical investigations by G. C. Darwin indi- 
catcd that |he alpha particle or nucleus of helium, and the hydrogen 
nucleus must have approached fm close that their centers were but 
l.T'X 10” 1 * centimeter apart. Tibs affords further evidence of the 
extrema minuteness of the nucleus compared with the size of an 
atom (10 - ® centimeter). 

1). It may be well to recall at this point an interesting result of 
Barkln, obtained some years earlier, who showed from the scattering 
of Ktinigeu rays that the number of electrons in the atom must, be 
about 4A, where A is the atomic weight. In the case of nu uncharged 
atom, till! positive charge oil the nucleus must evidently balance tbs 
negative charges on the electrons revolving in orbits around that 
nucleus. 

Thus we can form a clear mental picture of the general character 
nf the atom. It is a miniature solar system. The sun is replaced 
by the positively charged nucleus. The planets, perhaps confined 
to one or mom definite orbits or rings, are replaced by negative 
electrons revolving rapidly around the nucleus. The gravitational 
force is replaced by the electrical attraction between the positive 
nucleus and negative electrons, 

JO. A brilliant young Dane, Bnhr, has gone a step further and 
suggested the structure of an atom capable of explaining the series 
of spectral lines. His work is remarkable ns leading to excellent 
numerical verification. He assumes the Rutherfordkn nucleus of 
electronic charge about half the atomic weight; he assumes that for 
every revolving electron in every atom the angular momentum is 
some exact multiple of Planck’s constan t /Sir. 

lie further supposes that in a steady stationary orbit even a single 
electron does not radiate away energy. This is entirely contrary to 
classical electrodynamics. Furthermore he imagine* that in passing 
from one state of stationary orbit to the next possible, there is homo¬ 
geneous radiation of amount An, where n Ls the frequency. This is 
nf contra Planck’s assumption, ami it Ls certainly unexplained, and 
probably not in accord with Hamilton's equations us deduced from 
Newton’s laws. Nevertheless, any day we may learn why energy is 
emitted per salturo, and tliis mystery will vanish. 
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Xow if you permit those somewhat arbitrary assumptions to 
Bohr, ho can umd does deduce? at least for the lighter atoms such sis 
hydrogen and helium, the Rydberg formula Tor the spectral series, 
fie finds: 


n= 


artAr*/'* 1\ 

a* v^; 


where a k the frequency; m, r. mass and charge of an electron; A is 
Planck's constant; a N ft* are integer^ The quantity before the 
bracket should equal the Rydberg number X #l of observed value 
3JSX10 11 , Bulirk cidcnkLed value k 3.20 XlO 1 *, showing si moat 
satkfactoiy agpeeme nt. 

Bohr endeavors to account for the manner in which (wo hydrogen 
atoms form a molecule. Kadi atom bus a nucleus of positive charge 
and a simple electron revolving around it. Their duugos are equal 
and opposite, The nuclei of two such atoms repel each other. The 
revolving elections of two atoms close together, if rotating in the same 
direction, constitute two parallel currents of electricity, and these 
attract one another and arrive in the same plane, it k easy to make a 
model on a whirling table with the nuclei on an upright rod, the 
dec irons revolving like the governor balls of an engine. Bohr has 
gone further? and conceived tv similar model of a water molecule with 
the two nuclei of hydrogen and one nucleus of oxygen in a straight 
line, with 10 electrons revolving in their aoncs wound them. Xo 
doubt these suggestive schemes are somewhat inoculative, but it k 
rofreshing to find a first approximation to n dynamical scheme re- 
placing the old imsatkfactoiy electrostatic atoms, which probably 
did not. approximate to the truth. Some oT the formidable organic 
molecules must have a complexity which h may take genurations of 
physickta to unravel, 

1L One of the triumphs of mathematical physics was the forecast 
of Urne that crystal bodies have their atoms m distributed that 
Jiuntgeu rays must bo diffracted by these atoms in the same manner 
lhat closely ruled cross lines diffract visible light. This forecast and 
its rapid verification, enable the two Braggs., father and sun p to meas¬ 
ure with accuracy thu wave lengths of ROntgen rays. While the 
waves of visible tight are of the order i0" B centimeter, those of Rout- 
gen rays am of the order ICr 1 centimeter, about ouc-thoummdtk of 
the former. The dec tromague tic theory recognkea m intrinsic 
difference between thu great waves of winder telegraphy, several 
kilometers in length (10* eratimeterah short electric waves, long heat 
waves, vkible light CIO"* centimeter), ultra-violet waves, and Kbiit- 
gen rays (ID -1 centime Ler), 

The method of nail rating Hontgen rays from a rock-salt ur an other 
cry-dul lias been applied by Moseley with marked success to the 



CflffBl mmtitS OF TiTE ATOM —EVE. 189 

deteirniimtkm uf the nucleus charges of the atoms of most of tSi^ rle- 
tucnia* 1 les bombarded Lite elements, one after the other, by dncteons 
hs cathode rays, reflected the resulting Rtixiigon rays from ft crystal, 
ftiui measured the wavelengths of one or ether of the principal (K or 
Lj hard or soft) mdiiLUmis, 

In this manner lie found 

where n is the frequency of vibration, N the nucleus electronic charge, 
necessarily a whole number, and A mid B are dele mimed conaturiLa H 
In this manner ho lias found the atomic numbers \ r oT nil the known 
elements from aluminium IS to gold TU, Them appear to be but two 
or three elements not yet found by the chemists. These experimental 
results l>c&r out well a view first propounded by van den Brock, that 
each element has anatomic number, an integer representing its place 
in the periodic table (If i p lie 2, Id 3, Bo 4, Bo 5 t C 8, and so forth)"* 
The atomic weight is nept an exact integer, nor of such fundamental 
character as the atomic number* There will be further reference to 
this point Inter. 

12. Rutherford Juts extended Mo&ftlfly’ft method and results fo the 
crystal reflection of the gamma rays from a radiant M(a Bb and 
determined the wave kmgtlia of mmy lines, in particular of the two 
strongest* He has bombarded lead with Rn B rays and found the 
wave lengths of the radiation stimulated in the lead. Ho found that 
Radium R and lead gave the same spectrum, indicating That, they 
have the same atomic number, 82. lienee he deduced the atomic 
numbers of all the radiants in the uranium-radium family. Mb 
results are worth repeating. 
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IS. All of these results arc in harmony with the wonderful advanced 
in radinrhembtry due to Soddj, Faj oils, Von Heresy, and others. It 
baa been found that when a radiant emits an alpha particle or helium 
nucleus, the chemical properties of the newly formed radiant differ 
from the old. A fresh element is formed, a different valency results, 
and the new' radiant, relative to the old, k two column* to tlic left in 
the periodic table. The atomic number has decreased 2 and the 
atomic weight about 4* But when n radiant ejects a beta particle or 
electron, again there is a new radiant with different valency and 
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chnmicid properties hut iliere i a move of one column to the right 
in the periodic table; u gain rff one in the atomic number and no 
change in the atomic weight, 

A brief example of (be whole scheme applicable to all radiants is 
given below: 
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In ilie rjise of these radiants L’r 1 ejecta un a particle and gives 
rise to Ur X l . Tim latter and Ur X 2, respectively, omit a j} particle. 

It should be added that the short-lived product Ur X 2 or “bro- 
vium” was discovered by this theory, after it had been formulated 
front the known behavior of other radiants. 

It will be seen that Uranium t and 2 are in the same column und 
have the same atomic nu in tier, but thirl their atomic weights differ 
by -1. Such substances have chemical properties so identical that 
they are called inseparables, ur nonsepurables, or isotopes, for they 
occupy the name place in the jx-riodic table. Thus (iie old trouble 
of finding places in the periodic table fur the 3U or 40 radiant elements 
lias suddenly vanished. They may lie superposed even when their 
Atomic weigh Ik differ, if their atomic numbers are the same. The 
nuclear charges of isotopes must be identical, but tho distribution of 
electrons may I n- different. Other examples of inseparables are lead, 
milium B, radium D, all S2; thorium and radio thorium; radium and 
mesn thorium. 

It must lie further noted that the results uf mdiochemistry appear 
to require tile presence of negative electrons in the nucleus itself, 
Tim expulsion of a $ parliclc or one negative electron from the nucleus 
is equivalent to thn gain uf one poaitive electron, and involves a unit 
increase in the at nude number. 

14. The Inst advance is the most important and fajvveaching. 
There ha* been long search for the positive electron, and in vain; yet 
it seems likely that it lots been under our ayes all the time. Since the 
hydrogen atom never loses more than a single electron, is it not pos¬ 
sible, suggests Rutherford, that the nucleus of the hydrogen atom nmv 
be the positive clcelron f 

The dectromaguotic mass of an electron is * ’’ where r is the charge 

and a the radius, if the mass of the hydrogen nucleus is wholly elec¬ 
tromagnetic, ibeii its radius must be smaller than that of the electron 
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(negative) iw l:lSOO t far that is the ratio of their masses, while their 
charges arc equal and opposite. Hence wo have 
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Rutherford cautiously remarks that there is no experimental evi¬ 
dence against such a supposition. 

Those who wish to follow the matter deeper must refer to many 
articles in the Philosophical Magazine h several letters to Nature, 
Buddy's J ' Chemistry of the Hadio-eleinonU,” Part II t and Perrin's 
fi L es Atonies/’ The chief writers have been Rutherford, W. 11. 
Bragg, W + 1-, Bn^ f G. ( Darwin, Moseley, Brock, Bohr, Russell, 
FttjauH, Soddy, llevesy, Nichols on r ami Miirsden. 

Much has yet to be done, ami much to ba revised p but that the first 
great forward strides have been taken in the right direction there can* 
be little doubt. 




























GYROSTATS AND GYKOSTATIC ACTION. J 


By tW Andrew Guay M. A., LI*. TL, F. II. S, 


[With 10 plaiee,] 

We are ace us turned m daily life to handle nont'Otating bodies, 
and their dynamical properties excite little a lien Lin it, though it 
con not he smd that they are commonly rajAcrstootL It U different, 
however, with rotating bodies These, when handled, seem to ho 
endowed with paradoxical, almost magical, properties. I have here 
an egg-shaped piece of wood, I place it on the table and it rcats, as 
we expect it to do, with its long axis horizontal. Our experience 
tells us that this is the natural and correct position of the body,- 
But I set it spuming rapidly on the table, as you see. with the long 
axis horizontal' and you observe that after an apparently wobbling 
motion it erects itself so that its long axis is vertical It was started 
spinning about a shortest axis, but the body has of itself changed 
the spin, and it is now turning about the long axis* In taking this 
position St has actually raised itself against gravity through a height 
equal to half the difference between the lengths of the long and 
short axes. This seems paradoxical^ but the man who is in the habit 
of spinning tops knows that this is the proper position of the body; 
that it must stand up in this way when spinning rapidly on a rough 
horizontal plane. 

This experiment may be performed at the breakfast table with tin 
egg m the spinning body. But the egg must be solid within- that 
Is T it munt be hard-boiled; a raw' or sofl>boiled egg will not spin, 
Perhajfc* this is why Columbus did not adopt this method for his 
celebrated experiment; there may, of course, have been other reasons. 

It is thus made clear that by causing a body to rotate rapidly wo 
endow it with new and strange properties. Between a top when 
spinning and the same top when not spinning there is a difference 
which reminds us of that between living and dead matter; and this 
will strike us still more forcibly when we consider some more compli¬ 
cated cases of rotational motion. The top. the ordinary spinning 
top of the schoolboy 1 stands on its peg and “deeps’ 1 in the upright 

1 liapriiiint fcrr p*fthi*akm frejm jiampliltf &rplf pttbUiM by Urn Rayal IJuUiuLkm of Of*t arlu.lt). 
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position, in contempt of all the laws which govern statical equitil>- 
riiirn. 

The experimental study of spinning tojw is curried on bv very 
small boys nnd a few more or less aged people. Somehow, but I 
think quite wrongly, a tup is regarded as a toy suitable only for a 
child, and that kind of amusement is scarcely encouraged by the 
benevolent despots who so completely direct the games of boys at 
school. Among older boys there used to bp a regular game in Scot¬ 
land of 1 ‘ peeries/' and some of you may have read Clerk Maxwell’s 
poetical description of the Homeric contest* which distinguished the 
sport. 

The top ns a [daything is despised; nevertheless it b a most im¬ 
portant contrivance. The earth on which wn live ia a top, and a 
considerable range of astronomical phenomena are must easily 
explained by reference to the behavior of ordinary spinning tops. It 
ta a lop that directs the dirigible torpedo, that controls ihc monorail 
car, which may soon rise from the position of a small model to that of 
an important affair of practical railway engineering, and that in the 
gyrostfttid compass gives a direction-pointer unaffected by the iron yf 
the ship or the rolling and pitching of the vessel. Its properties 
bummed up in what we call gyrostat ic action) have to be reckoned 
with in alt swift-running machinery, such os fast-speed turbine and 
rotary engines, of all kinds, especially if these drive flywheels or pro¬ 
pellers, They affect very seriously the stability of aeroplanes and 
even of submarine*, and I am very doubtful if aviators have yet 
become in sufficient degree instinctively alive to the dangers of 
sudden turning, such ns those which are or used to be encouraged 
by the promoters of aviation displays in alighting competitions, 

The man who has spun and studied tops and gyrostats appreciates 
as no one else can the extreme importance of properly balancing 
rotating machinery, and of avoiding gyrostatic action where finch 
action is likely to interfere with the running of the machine ns a 
whole. 

The properties of a top are best studied in the gyroscope, or gy^ 
slot, as it is better rallied. Here « a simple gyrostat, of the ordinary 
form sold in the toy shops, but with some important modifications 
to enable it to run for a long t imp at a high speed. It consists, as you 
see. of h heavy-rimmed metal disk or flywheel capable of imation 
with but little resistance from friction nn pivots held in sockets 
attached to a metal frame. Thus the flywheel may, by the quick 
withdrawal of a string wound round its axle, or in some other wa v be 
set into rapid rotation in the frame, which in turn is mounted in 
various ways to show gyrostatic effects. But this ordinary form as 
well as some others of a more pretentious character, suffer* from the 
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great disadvantage of having no means tif maintaining the spin, and 
the continual renewal of the spin Is a great nuisance, 

I have her© a gyrostat (fig. JJ 1 in which this drawback has boon 
overcome by the simple ami effective device of milking the flywheel 
itself the rotor of a high-speed continuous-current electric motor. 
The ordinary gramme-ring armature is well adapted for this. It 
gives a wheel of great moment of inertia, or, as 1 call it. '‘spin Inertia 1 ' 
(that is. the mutter of the wheel is distributed so as to be on the 
whole as distent from the axis as possible), which can In- nut at 
high speed for a long time without trouble of any land from hearings 
or contacts. 

For my first experiments the motor gyrostat is set up, with the 
axis uf the flywheel horizontal, in this mounting, which consists, as 
you see, of a fork perched on a pillar, Notice the possible motions, 
the freedoms, l may call them, of the arrangement. The flywheel 
can turn about its axle, the case can him about the line of the pivots 
which carry it in the fork, and the fork a ho tit a vertical axis provided 
in the pillar. These three axis*, which wu shall number ], 2, 3, arc 
mutually at right angles and moot at the center of gravity of the 
movable system or gyrostat proper. When thus sot up the gyrostat 
is said to bo freely mounted. 

With the flywheel at rest I push down on one side of the case, and 
immediately turning takes place, as we should expect, about the axis 
2, Pushing down the other side of the case causes the instrument to 
turn about the axis 2 in the opposite direction. I grasp the fork in 
my bands and turn it about the axle 3 in either direction. Nothing 
unexpected happens; the gyrostat turns with the fork, its axis remain¬ 
ing horizontal throughout. .Again, I grasp the pillar in my hands and 
turn it on the table, and you sec that tho friction of the axle 3 k suffi¬ 
cient to cause the fork and gyrostat to move round with tho pillar. 
As before, tho axis of the flywheel remains horizontal. 

My assistant now causes a current of electricity to flow in the coils 
which form part of the flywheel and in tho cods which surround the 
soft iron core of the magnet which is stationary within tho ring. So 
far you can only toll that tho flywheel is turning by tho faint 1mm 
which its motion sots up. But when I repeat the operations which 
I have just performed on the nonroteting gyrostat, tbo behavior of 
the instrument is quite startlingly different, I push down on one 
ride of the case as before; a resisting force is experienced, and tho 
gyrostat turns, not visibly about tho axle 2, but about 3, the vertical 
axis. So long ;,s 3 maintain the tilting force so long floes the resist¬ 
ance and this turning about the vertical persist. I withdraw tho 
tilling force, ami the turning motion ceases. 
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Now I would direct attention to these rods with arrowheads, 
which are screwed to the gyrostat case, This curved one shows the 
direction in which the flywheel is spinning. Tho straight rods are 
intended to represent the spin momentum and the tilting action, 
respectively. Both are completely known when their amounts and 
their plain's are known. The spin momentum is got by multiplying 
two numbers together, one representing the spin inert ia of Lhe wheel 
{which is greater the more tile mass Is placed in the rim), the other 
the speed of turning. 'Die turning notion nr “couple’ 1 is also got by 
multiplying the force with which F push by the arm Or leverage of the 
force about tho axis. So then wo represent these two by lines drawn 
at right angles to the two planes, making I ho lines of lengths to rep¬ 
resent tho two products, Standing on one sido of I lie plane of tlni 
Bywheel, you see it turning against the hands of a clock; standing 
on one side of the plane of the turning action which I apply, you 
observe that, action tending to turn the body also against the hands 
of a clock. The two lines representing' iht* two products drawn 
toward you from the two planes represent also tho directions of the 
Miming notions of the couples, For example, die direction of rota¬ 
tion of the flywheel being that shown by the curved roil, the lino 
representing tho spin momentum points out,wan! from tho side of 
the gyrostat to which the rods are attached. I cull tins the spin axis. 
The other line, representing the turning action which 1 applied, I call 
the couple axis. 

New, observe that I set the couple axis so as to point toward your 
left. I push down tho side of rhe gyrostat nearest me, and yon see 
that the spin axis turnB toward tho left. Again, 1 turn tho cuuple 
axis bo as to point to your right. When so placed it represents a 
turning action tending to depress tho end of the axle of tho flywheel 
that is nearer you. I apply such an action, ttnd the spin axis turns 
toward your right. In both cases tho spin axis turned toward the 
instantaneous position of the couple axis. 

Now* I sot the couple axis vertical, pointing up. It represents a 
turning action tending to produce horizontal turning in the counter- 
clock direction as seen from above. I apply such an net ton to the 
fork, when you sec that the gyrostat turns tho spin axis toward the 
upward direction. Finnlly, I eot the couple axis vertical but point¬ 
ing flown, as in figure 1. It now represents a turning action tending 
to produce clockwise rotation as viewed from above, counlerrlock 
rotation as seen from below. I apply tho action represented and the 
gyrostat turns the spin axis toward the downward direction. 

Those experiments may bo summed up as follows: The flywheel is 
spinning about axis 1. Any attempt lo tilt tho gyrostat about axis 
2 produces turning about 3; an attempt to tilt it about 3 produces 
turning about 2. This response of the body seems paradoxical, but 
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in point of fart, iitill this is the seem of Che whole affair., this turning 
of the body as a whole amounts to the production of spin momentum 
about the couple axis at exactly the proper rate. It is quite easy to 
prove this by the consideration, in the most elementary way, of the 
accelerations of the different particles composing the wheel* 

Tlio turning of the spin axis toward the couple axis is eulfod a 
processional motion* from a similar motion uf the earth which pro- 
duties the astronomical phenomenon called the procession of the 
equinoxes. The turning action, or couple, as I ahull now call it, may 
be said to cause the flywheel to “process” toward the couple axis. 
Tins relation of directions h very important, and should be kept 
always in mind. 

If this turning response of the body, about art axis which we shall 
call 3* is prevented when turning about, mi axk 2 P at right angles to 
3, U changing the direction of the axis of a rotor—tm axis I T auy ? at 
right angles to 2 anil 3^—a preventing couples, URttrdly called gyro- 
static, tibeui the nxh 3, must be applied by the be&ringBI to the axle 
of the rotor, and therefore an equal and opposite couple by the axle 
to the bearings. This couple, it is easy to prove, is equal to the 
product of (lie spin momentum and the angular speed at which the 
direction of the axis of the rotor k being changed. Thus the greater 
the moment of inertia of the rotor, or its angular speed, or the angular 
speed of the change of direction of the axis, the greater ia the gyro- 
s(atic couple. 

For example, the rotor of a dynamo, mounted on one of the decks 
wit h its rotor axis athivartehip, applies, when the ship rolls, a couple 
to the hearings, the plane of which b parallel to the deck, and which 
consists of a forward force on one bearing and a sternward force on 
the other. These forces are reversed with reversal of the direction 
of rolling, so that an alternating force k applied to cadi hearing 
tending to shear it off the deck, Thus if the bearings are at all 
loose, the axle will knock alternately on the from and hack of each 
bearing. 

Similarly the axle of the rotor of a fore-and-aft turbine, when the 
ship pitches, applies a force to port to the bearing at one end, and a 
force to starboard at the other end, which forces are reversed when 
the direction of the pitching motion is reversed. When the course 
k being changed the forces of the gyros* a tic couple are applied to 
the lop of one hearing and the bottom of the other, 

Now, roniming to the pillar gyrostat* and putting the flywheel 
in rapid rotation, I turn the pillar round on the table, l have 
turned, as you see* the base round through one revolution, and 
throughout the turning motion the ax in of the flywheel has r emain ed 
puintltig in the same direction. The friction at the axje about 
which 1 have turned the piUsir, which, you will remember, v r a£ sufli- 
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cient to carry the gyrostat round when there was no spin p b now 
quite insufficient to cause any serious change of position of the 
gyrostat* Only a my am nil couple producing precession acted. 

This experiment illustrates the principle of permanence of direc¬ 
tion of the axis of rotation, in the absence of a couple producing 
procession, the principle on which depend the gyrostatk compose and 
the self-directing torpedo. Carried within the laidy of the torpedo 
is n fntftrepmniiig gyrostat, and at the instant at which the torpedo 
leaves the impulse tube this gyrostat is mounted freely with ita axis 
coincident with that of the torpedo' that is, pointed, to speak, 
exactly along the “cigar.” Any turning of the torpedo body side¬ 
wise brings about a relative shift between the gyrostat and torpedo 
axes, and this shift brings into operation a vertical rudder at the stern 
of the torpedo* If the nose of the torpedo turns to port, the rudder 
steer* the craft to starboard, and vice versa. 

Hero (fig. 2) is a skeleton frame representing a torpedo* It is 
mounted on a vertical axle, and carried on pivots within the struc¬ 
ture is one of our motor gyrostats. At the stem of the frame is a 
small rudder, and this is connected by means of cord* to the gyro¬ 
stat* I set the flywheel in rotation. When, as I do now, I turn the 
nuh* of the torpedo to port, the rudder steers to starboard; when I 
turn the nose to starboard the rudder steers the craft to port. 

The Cose of the pedestal gyrostat b provided with a hook at one 
extremity of the sxb (see hg> 3). The effect of bunging a weight 
on this hook m to apply a couple tending to cause turning about the 
axU 2; that is, which would produce such turning if the flywheel 
were not spinning. But the wheel b spinning, and the visible actual 
turning b about the axis 3* Observe nbu that the wheel is rotating 
comparatively slowly, and that the precessional motion b great* 
1 increase the speed of the flywheel ami the gyrostat processes more 
slowly. I replace the weight by a larger one, and for the same spin 
the precessional motion is greatly merited. Thus for a given 
applied couple the faster the spin the slower the processional motion, 
and for a given spin the greater the couple the faster the processional 
motion. 

Xow T while the weight b in position and the gyrostat preceding 
about the axle 3, I attempt to hurry the processional motion, and 
immediately the gyrostat turns about the axis 2 so m to rise against 
gravity* 1 try to delay the precision, and again the gyrostat turns 
about the a_xb 2, hut now so as to descend under gravity. 

Without being aware of it people are constantly meeting with 
examples of gyrostat ic action in daily life. A child expert in trund¬ 
ling a hoop causes it to turn its path to the right or left, by striking 
it a blow at the top with the hoop slick, Lhe effect of which the 
ordinary person would suppose, if he thought about it, should bo to 
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make the hoop It* fall over In the right or the left, A bicyclist riding 
without holding the handles leans over to the right if he wants t<j steer 
the bicyde to the rights and to the left if he wants to a leer to the 
left. And if he feels himself falling over to right or left he turns 
the handles instinctively so as to turn the bicycle to that side, when 
the machine resumes the upright position. In the bicycle, however, 
the spin of the wheels is not the most important action to l>e taken 
account of. 

The gyrostat so action in the bicycle b much more marked in a 
motor machine, for in that a massive flywheel rotates in the some 
direction m the wheels. As the bicycle turns a corner it is con¬ 
strained to process, and a couple is needed to produce this precession 
of the rotating parts quite apart from that required to turn the rest 
of the machine- This the rider applies by leaning over to the inside 
of the turn, and leans over more than he would have to if the fly¬ 
wheel were not liken? or were not rotating. 

Good crumples of gjraat&tk action are given by paddle and tur¬ 
bine steamers. A puddle steamer is steadier in a cross sea than a 
screw steamer of the some size. This is due in pari to the gyrostatie 
action of ihe paddle wheels, winch, hut for their comparatively slow 
speed of rotation, would form a compound gyrostat nf considerable 
power* For this gyrostat the spin moment urn may be conveniently 
represented by a line drawn from the steamer toward the port side, 
A couple tending to tilt the steamer over to starboard is represented 
by a line drawn toward the bow, anti a couple tending to tilt, the 
streamer to port by a line drawn toward the stern. Hem*, if the 
si earner heels over to starboard, her bow, in consequence of gyroatatic 
action, precedes to starboard* but the starboard wheel, becoming 
somewhat mure deeply immersed, uses more power and exerts a t urn¬ 
ing influence to port. Thus the steersman has less difficulty in 
keeping the vessel on a straight course- But if the vessel be turned 
by the rudder, say to port, the* vessel will by gyro&tatic action lie 
slightly heeled over to starboard* and the starboard wheel, being more 
deeply immersed, will assist the turning action of the rudder. When, 
however* the steamer falls ulf her course, to port or starboard, the 
gyrostatic action causes the correcting action applied by the rudder 
lu he resisted. Though the gyrostat ie act inn of the wheels is not 
very great, calculation shows tinii it is enough to produce an appreci- 
able variation in the immersion of the wheels. 

The gyrostutic action of the flywheel in a motor ear is of some 
practical inU’rraL The flywheel b placed with its plane athwart the 
car that is, with the axis, so to speak, fore and aft. It rotates in 
the clockwise direction as viewed by an observer belund the cor. 
Hie effect of turning a comer to the left gives a gyro&tatic couple 
throwing the weight of the car more on the back wheels* turning to 
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the right throw* the weight more on ihe front wheels. The forces 
applied hv the ground to the front wheels (ire diminish l*! in the 
former ease and increased in the latter. There is danger, therefore, 
o! the steering power of the ear being interfered with,, if the comer 
is tuken at ino great a speed. 

As a fluid example, we take an aeroplane. Here the rotor of the 
engine mill the propeller together form a compound gyrostat of con¬ 
siderable power. As the bearings are fore and aft, the action is simi¬ 
lar to that of the flywheel of the motor car. Turning horizontally 
m one direction gives rise to the gyrostat! e couple tending to make 
the aeroplane dive, turning the opposite way sets up a couple which 
milker the aeroplane rear up in front. If the aeroplane is kept hori¬ 
zontal, such couples have to be balanced by stresses in the framework. 
These considerations show 8 that sudden turning of aeroplanes should, 
if possible, be avoided. Maneuvers calling for such turning are 
accompanied by very considerable danger. No doubt aviators arc 
aware of the existence of gymstutk action, but there is considerable 
haziiu*w in people s minds as to its direction irt the various possible 
cases. Tli" pt tniliar properties of rotating bodies need not, of course, 
ho understood theoretically by aviators, though it Ss well to know 
something about them. But the aviator, like a prison walking or 
swimming, must know instinctively what to do in m emergency, and 
what motions must be avoided. The gymst utic action he baa to con¬ 
tend with lies hid f as it were, until he trie* pome new and violent 
maneuver; and tbm it brings hirn to grief. 

1 now pass on to some special experiments which can bo carried out 
with these motor gyroatata* Firsts lake one or two old experiments/ 
which arc more effectively performed with these fast-running instru¬ 
ments. Here is a skate attachment (fig* 4) on which I place the 
gyrostat after its speed has been adjusted Lo the moderate value of 
about fi.QOtJ revolutiona per minute. The plane of the flywheel b 
Inch mil to the vertical, and you seo that the top does not full down, 
hut processes round on the table- I increase the inclination and the 
procession becomes more rapid. Now I a item] it to hurry the proces¬ 
sion and the gyrostat stands up erect; I try to resist Lhe procession 
and thu gyrostat, fails over. 

1 mount the gypostal with its wheel horizontal over a flexible sup- 
port, iu the present case a universal joint (fig. 5}- Without rotation 
the instrument would fall over at unco; but you see that it stands 
stably erect when the flywheel is spinning, and has a precession id 
motion when disturbed from the upright position. 

Again, here is a two-stUt support. (Fig* 6.) One of the stilts b 
belli by a long socket, at one side of the ease, and may be regarded 
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as rigidly attached* The other atilt is simply a bit of wire pointed 
at both ends; one end reals on n table* the other, the upper and, 
rests loosely in a hollow in the upper aide of this projecting piece 
attached to the case. The gyrostat is thus sappertetl between two 
stilt©, one fixed, the other quite loose* and its axis is at right angles to 
the plane of these when the arrangement stands upright, it would 
be hard to devise a more unstable support* You see that there is no 
possibility of making the arrangement stand up without spin. But 
yon &ee t on the other hand, that there is a fair amount of stability 
with the flywheel spinning if the arrangement is allowed to oscillate, 
or, as one might say, wriggle backward and forward, horizontally, 

in the next experiment (duo originally, I have been told, to the 
late Prof. Blackburn) the gyrostat is rigidly clamped to this metal bar, 
which, as you see, is hung by two chains attached to its ends. (8ee 
fig* 7*) Tim chains have been crossed by passing one through a largo 
ring in the middle of the other. I turn the gyrostat so that the chains 
and the rim of the cose are in the vertical plane* You observe that 
the arrangement, is one of instability. The gyrostat lias perfect free¬ 
dom to foil over toward you or toward m&* Further, in consequence 
of the crossing of the chains the gyrostat is unstable na regards motion 
about n vertical axis. The arrangement ia thn© doubly unstable 
without rotation. 

I now set the flywheel into rapid rotation, arrange the instrument 
as before, and leave it to itself, when, as you observe,it balances with 
great ease. 

I now repeat the experiment with the chains nncroased. Here 
there is only one instability without rotation, and the gyrostat falls 
over. An important point to be observed is that the rotation will 
stabilize two nouratationnl instabilities, but not one. In point of 
fact, a system possessing nonrelational freedom*, all of which are on* 
stable, ran bo stabilized if the number of freedoms is even, hut not 
if the number is odd. 

A general explanation of the experiment just performed may I hi 
given ii3 follows; Starting with the bar, gyrostat rim, and chain© 
(crossed) in one vertical plane* we may suppose the gyrostat to fall 
over slightly. In consequence of the tilting cmiplo introduced the 
gyrostat processes so that it* axis turns in a plane which is nearly 
horizontal* The chains now get ©lightly out of the vertical, and at 
once a couple hurrying tho processional motion is brought to hear on 
the gyrostat* which, in consequence, erects itself into tho vertical 
position* The couple does not retard, hut hurries tho precession 
because the bars are crossed. This holds for both directions in which 
it ia possible for the gyrostat to fall over. Again, suppose starling 
with the rim* bar, and chain in the same vertical plane, the chains 
get tan, of the vertical. There is now a couple brought Uj hear on the 
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gyrostat tending' to turn its axis in a horizontal piano. In oonao* 
quencc the gyrostat tilts over on the bar—in other words, it lias a pro¬ 
cessional motion about a horizontal axis in the plane of the flywheel. 
This brings into set ion n couple due to gravity, which is such as to 
hurry the last-mentioned precisional motion; the horizontal motion 
is opposed and reversed, and with the reversal the gyrostat regains 
the upright position, This holds for both directions in which the 
bar tends to turn in consequence of the crossed chains. The result 
is complete stability. 

Similar explanations are applicable to the other cases of motion 


you have seen. 

I now suspend the gyrostat from the horizontal beam by means 
of this chain terminating in a hook (fig. 8), which engages in a central 
recess of the run attachment, 1 he chain carries a ball-bearing race. 
I place the gyrostat with its axis horizontal and leave it to itself. The 
center of gravity of the gyrostat lies vertically below the hook, and 
under those co n ditions there is no cou pie tending to tilt the instrument, 
L transfer the hook to one of (he side recesses, set the gyrostat so 
that iLsaxisis horizontal, and leave it to itself, when, instead of fulling 
down, it turns ils axis in n plane which is nearly horizontal. If I tU-lnv 
the precessional motion the gyrostat descends; if I accelerate Lhe 
precession the gyrostat ascends. I transfer the hook to the opposite 
side recess, place the gyrostat so that its axis is horizontal, and again 
Jet gu. The gyrostat processes as before, but in the opposite direc¬ 
tum. Again I hurry the precession, and again the gyrostat rises; 
again t delay the motion, and tlie gyrostat descends. 

In these experiments, when the book engages in either of the side 
recesses there U a cmi|de due to gravity tending to produce angular 
momentum in a vertical plane. The axis of spin momentum lurm 
toward HU iiiHUivl imeous position of the couple axis at right angles in 
it, nt angular speed, at, say. [f ^ be the spin momentum, and the 
lop has been properly started, angular momentum about the couple 
“ w bfnn " P^lueed at rate ,«*> by this turning, and this is equal to 
he moment of the couple. The precessions! moment remains at 
the value required to give jusL the rate of production of angular 
momentum corresponding to the couple. This is the point generally 
missed m popular explanations «f the gyrostat* action. 

Jt is important, to notice, however, that, us these experiments are 
usua h carried out, thep recession, though apparently Sidy lo the 
J, ' W " ot, . stnt ‘ U - v f fl P“ kill &- Perfectly steady. There i» a very slight 

T M 1 lh0 a3tis ‘ T » ** quite steady njfafim 
top must not be r ply spun and then left to itself; it muVbe 
stnitetl with the right amount of precession 

I now place tlm gynwtst within this wooden tray. (Fia 9 ) The 
pivots earned by the rim of the gyrostat engage on bearing previdod 
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in the tray, and these are on a level with the center of gravity of the 
whole. 1 hold the tray so that its plane is horizon Lai, and carry it 
round in u horizontal circle. Nothing happens. Still holding the 
tray so that its plane is horizontal, I carry it round in a horizontal 
circle in the reverse direction. The gyrostat immediately turns a 
somersault and is thereafter stable. If I reverse the direction of 
lot til ion of the tray, again the gyrostat turns a somersault and 
remains again quiescent. 

The gyrostat is stable, with its axis vertical, so long as the direction 
of spin coincides with that in which the tray is being turned. If 
this hi I <cr direction is reversed, the gyrostat turns a somersault so as 
to i andcr the two directions coincident. It appears as if the arrange* 
nient had a will of its own, and refused to be curried round against its 
direction of spin. 

Tlio theory of this experiment is very instinctive. Both cases are 
represented by one differential equation, hut in one case there is a 
real period of vibration about the vertical; in the other the period 
is mathematically unreal, ami the gyrostat axis moves farther away 
from the vertical. No better illustration of the two cases of the 
equation c^n be (omul. 

The behavior of the tray gyrostat is exemplified also in the gyro¬ 
sin lie compass. A heavy and rapidly rotating flywheel is mounted 
so that its axbis maintained horizontally by means of an elastic aup- 
po rt. U i u I e r t h esc cm id i t ions t h e of j ui lib riuin posi tiou of the fiywb eel 
lonlei the horizontal component of the turning velocity of the earth 
{which corresponds to the turning of the tray) is arranged to be that 
in which the axis of rotation points duo north and south. If time 
permitted, I should ho glad to make un experiment with a carefully 
balanced motor gyrostat, which would nut only show the turning of 
the earth under the gyrostat, but enable the rate of turning to he 
measured. 

I would now direct your attention to this motor gyrostat, which 
forms the bob of an ordinary compound pendulum, {Fig. iO.) The 
tube cai 13 ing the gyrostat is attached, by means of a universal joint, 
to the apex of u triangular stand, mntlo of telescope tubing. The 
gyrostat is attached to the lower end of its supporting tube, by 
miMins of a special cap provided with spring contact pieces, to allow 
the current to be led into the motor, and the flywheel is free to 
rotate about an axis coincident with the rod. Screwed to the lower 

below f lhi! EymSttit ' S * |Hm ’ whitth P rK3 * a lightly on a card placed 

U e have now the pendulum rod in the vertical position. I draw 
the pendulum to cute side and let go, w hen you see that it vibrates to 
and fro, and the pen traces out. a straight lino oa the paper. The 
ilyw heel has as yet no spin. I start the flywheel revolving, draw 
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the pendulum to one nldo, and let go, either from retit. or with a 
certain amount of sidelong motion, when you observe that the pen 
describes jl linear-shaped path. (Fig. 11J The path is shown for 
different tmiounlti uf sidelong motion. The peculiar appearance of 
thasa curves is due to the rapid falling off of amplitude produced by 
frit Lion. 

When the flywheel \s revolving there are, in general, two coupler 
acting cm the- pendulum, one due to gravity* the other duo to gyro- 
static action. At an instant at which the axis of the gyiosUt is 
vortical the fonnfcr couple is koto, arid the hitler one is n maximum, 
for at that instant the angular velocity with which the axis of the 
gyrostat is changing direction is greatest. When the pendulum i* 
at one extremity of its swing the former couple is a maximum, and 
the latter one is zero. At that instant the deflection of i he bob from 
the vertical is a maxi mum, ami it is at rest, Or is moving aidinvise, 
according to the mode uf starting, except in *o far as the initial 
conditions have been interfered with by friction. By this relation 
of the couples the farm of the path can be explained. 

Another mode of motion is possible which has a very intimate 
connection with the theory of vibrations of light-omitting molecules 
in a magnetic field, as indeed I pointed out hero several years ago in 
a Friday evening discourse* 1 The bob can he made to move in a 
circle about the vertical thro ugh the point of support either with or 
against the direction of rotation of the flywheel. The two periods are 
different, and the iuo lions com^poiid to the circularly polarized light 
uf two distinct periods, which molecules* situated in u magnetic field, 
are found to emit. Thus the gyrostat ie pendulum gives a dynamical 
analogue of (lie cause of the Zeeman effect. 

[ii 11407 llerr Otto Schlick introduced it method of employing 
h gyrostat to counteract the roiling of a vessel at sea. The gyrostat 
i- rtimed on bearingn placed athwart the ship. These hearings are 
in line wt(h the flywheel, and a weight b attached to the frame of 
thr gyrostnL In a position in line with the axis. It wiU be seen that 
when (lie ship is on even keel the gyrostat rests wish its axis Vertical, 
sinil w ith the weight vertically bdow the center of gravity of the 
ilywhceL Heeling of the ship in one direct ion causes the gyrostat 
to precesa in one direction on the bearings on which it \s mounted’ 
hireling in the oilier direction causes precession in the uppoaifa 
directum, and couples resisting the rolling motion are brought to 
hear on Liic ship. The device may be employed in two 'trays. In 
the first place, if the bearings on which the frame of the gvrnstat is 
earned within the ship are smooth, the effect of ifie gyrostat h to 
resist tha rolling force of the waves, and to bring about a lengthen 
in* of the fr ee period of the ship, aooogAng to a mathematical theory 
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which, when put in the proper way, is really very simple. Excessive 
rollin'* of a ship is due to the cumulative action of the waves, and 
such cumulative action i* only possible where the period of the ship 
and that of the waves are of about the same order. A large ship has 
a von' long period, and synchronism of the ship and the waves « 
impossible. The effect of introducing a gyrostatic control, operated 
in the manner just described, is to endow the small ship with the 

period of a very large one. ... 

In the second mode of operating the gyrostat, friction is intro- 
diiccrf at the bearings OH which the flume of the gyrostat is mounted. 
With this addition the ship is forcibly prevented from excessive 
rolling In the trials of the device it was found that, with this con¬ 
trol in operat ion, the angle of roll of the ship did not exceed 1° in ft 
cross sea which produced a total swing-of :S5° when the control was 
out of action. It is interesting to notice that, contrary to the opin¬ 
ions which were expressed when the device was iinst suggested, tlei 
preventing of the rolling of a ship does not result in the waves break¬ 
ing over her; a ship controlled by a gyrostat is, 1 believe, a dry one. 

I have here a motor-gyrostat fitted within a skeleton frame repre¬ 
senting a ship. I Pig. 12 .) The frame is mounted on two bearings 
arranged on wooden uprights, and may be made to oscillate on 
these bearings, so as to imitate the rolling of a ship in a cross sea. 
The frame of the gyrostat is mounted on two hearings placed athwart 
the frame, and a weight is attached to the outside of the ««** in a 
position in line with the axis of the flywheel. The . enter of gravity 
of the gyrostat is In line with the bearings. A clip device is provided 
which allows the gyrostat to bo clamped to the skeleton frame, and 
provision is made whereby a graded amount of Friction may be 
applied at one of the bearings. 

I now set the skeleton frame vibrating with the flywheel at rest. 
You observe the period. 1 start the motor gyrostat, and repeat, t he 
vibrations; with the gyrostat clipped to the frame. The ship rolls 
precisely as before. 1 free the gyrostat from the frame, and again 
set the ship rolling, when you see that not only is the period vastly 
increased, hut the rolling motion is quickly wiped out. 

When the gyrostat is clipped to tho frame it produces no effect 
upon the nilling motion. The couples opposing the rolling motion 
arise from the processional motion, and hence the gyrostat must be 
given freedom to process. In this connection it is interesting to 
observe that in 1870 it was proposed by Sir Henry Bessemer to 
obtain a steady cabin for a cross-channel steamer by placing it, on a 
gyrostat with its axis vertical and supported on fore and aft trunnions. 
This plan was bound to fail. The dependence of the effect on freedom 
of the axis to process, in a direction which is not that of rolling, was 
not understood. We now sec that the object would have been 
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attained by supporting the cabin on fore rtrid sift trunnion* and 
mounting the gyrostat, within the cabin, on trunnions placed athwhrt 
the ship. 

Here is a monorail top of new design (figs* 13“ 14.) The* frame 
on still h represent* ill ■ car, mul mounted on pivots placed across the 
frame U a gyrostat* Carried by a rod Axed to the frame of 1 bo gyro- 
slat, and in lino with the axis nf the flywheel is a weight. Wh o 
tho frame is placed on (he table so that the legs nud axis of the gyro¬ 
stat lire vertical, with the weight above the flywheel, ihe arrange¬ 
ment k doubly unstable without rotation; the system of gyrostat 
and weight k usually mounted on tho pivots, and the entire structure 
is unstable about the line of contact of tho fet i with the table. When 
the flywheel is rotating, hwmr, the top balances on the table. 
The two Ronrotatioml instabihues have been stabilized, 

1 now place the lop on the table with the legs and avis of the fly- 
wheel ver( usd* but with tho Weight below the gyros hit. Tho arrange¬ 
ment b unstable. Here there its only one instability without mtar 
tion, and the result is instability with nr without i ■ itit ion. 

Here is a ^tilt-top similar to the one jwt show'll, but provided with 
wheels adapted to engage on a stretched wire* You observe the 
remarkable balancing power of the arrangement* 

In this top (!ig + 15) a gyrostat is pivoted'within a structure which 
represent a tight-ropc balancer. The structure terminates in wheels 
adapted to engage on the wire. Attached to the gyrostat wo two 
arms, and carried by these k a light rod weighted at both ends. 
My assistant spins the flywheel and places the structure upon the 
wire with the legs vertical and the pole horizontal. The top, its you 
ob^tTve, bedances on the wire. If the top tilts over ou the wire 
toward me, the gyrostat processes in the direction which carries the 
polo over toward you, and vice versa. That is, if tho balancer 
begin* to fall over to one side it iminediul c]y puts over the pole to 
the other side. The action is exactly that of a iight-n«pe an-nbal. 

The rider of a bicycle keeps the machine uprigh t by op e ra ling 
the handle bar. If the* machine tilts over to the left the rider turns 
the handle bar to the left, and l he forward momentum of tho b try do 
and rider, aided by the gyros t a lie action, of the wheels (a relatively 
^uutll factor in this case) results in the erection of the miidime. 
Similarly, if the muehine tills to the right the froni handle bar of the 
machine is tamed to the right. 

Here i have a small bicycle of the old-fashioned **high“ type* 
provided with a gyratatic rider* When the gyrostat is spinning 
rapidly you observe that the top U completely stable. The gyrostat 
operates tho front wheel, just its does the rider on the ordinary 
bicycle. 
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Again, here is it small safety bicycle provided with a gyros t a lie 
rider. (Fig. 16.) In this ease the gyrostat is mounted above the 
back wheel, tmel is connected by amis to the handle bar of the front 
wheel. The no Lion is the same ns ill the other nimlr]. 

The lops I have shown you are very interesting from the fact 
thut in each ruse the gyrostat not only detects but sets about correct¬ 
ing any tendency of the lop to fall over. They behave as if they 
possessed both a nervous and it muscular system. 

I have also hero a gyrostat which sail In 1 made to progress m 
Space by u reciprocating motion—tit fact, a walking gyrostat. (Fig. 
17.) The gyrostat is suspended by two chains from two horizontally 
stretched wires. The wires are carried by a wooden frame, which is 
mounted, «h you see, on two trunnions carried by woollen uprights. 
The chains attached to the arms of the gyrostat terminate in Lwo 
rings, and these are threaded on the stretched wires. 

The gyrostat la spun and replaced on. the wires. When the frame 
is tilted to and fro on the trunnions, the gyrostat walks ‘'hand-over¬ 
hand '' along the wires. By the till log of the frame the weight of the 
gyrostat is thrown alternately on ouch of the chains, and in conse¬ 
quence of the processional motion the gyroslat moves along, carrying 
the chains with it. 

At present the spin is great, and therefore the processional motion 
is small. The gyrostat proceeds with a slow' and stately motion. 
As time goes on the spin falls off, and the rate of walking increases, 
until finally the gyrostat literally runs along the wires, with con¬ 
siderable loss of dignity. When the gyrostat is inclosed in a box, 
or within an acrobatic figure, the behavior serins very mysterious. 

Here is elill another form of acrobatic top, consisting of a large 
gyrostat, the axis of which is horizontal, and two small ones, with 
axes vertical, mounted, one on each side of the largo one, on sleeves 
threaded on a horizontal bar, ns shown in figure 18. My assistant 
spins the flywheel of the large gyrostat, which is then suspended by 
means of a string and hook from the upper bar of the frame. At 
present the center of gravity of tho gyrostat is Vertically below the 
hook, and under these conditions there is no processional motion, 
lb* now spins tho two small gyrostats and attaches them to tho largo 
one. Each small gyrostat is carried by two sleeves which an 1 threaded 
on a horizontal bar. Tho hook is now transferred to one of tho side 
recesses provided in tho upper bar of the large gyrostat, and the sys¬ 
tem is left to itself, when it turns round in azimuth. One of the small 
gyrostats tlirows itself up and balances on the bar. The experiment 
is repeated with the hook engaging in the other side recess, when yon 
observe that the small gyrostat which previously occupied the lower 
position now rises into the upright one, and the gyrostat which 
occupied the upright position now occupies the lower one. 
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This toft admits of ft large variety of designs. 11 is posy to imagine 
a gyrostfttic circus rider performing balancing feats on the Imrk of a 

^Tconclude^ritli a gyrostfttic model <fig. 10) which depends for ite 
action upon an entirely novel and practical method of operating a 
CTTtistat or gyrostats. The method has h very large variety of appU- 
nilions, into which I d»U not enter at present. It » here shown 
applied to a motor ear. The car runs on two wheels in tandem, 
it can he set to run cither in a straight path or ft path curved m eUhcr 
direction. The arrangement includes two parts connected bv A ver¬ 
tical or nearly vertical hinge- Each is supported on a single wheel. 
The front part carries ft gyrostat with axis horizontal (in tins 
the aftBipart contains the propelling mechanism. A qu»si-griuna¬ 
tional field of force is produced by the propeller bohmd acting through 
the hinge, and the construction is such that there » ^e stability, 
not the quasi stability, accompanied by continually increasing 
gyratatie oscillation, which obtains in many other cases. 


STABILITY OF AKROFIiANES, * 1 


By Ojiyjllk Wttrafir, B. H,, LL. D. 


The subject of gi stability of aeroplane*’’ is too broad to permit of 
a discussion of all of ite pluses in one opening. I shall r therefore, 
confine rnysel t more particularly to a few phases of the forc-und-idt 
or longitudinal equilibrium- Although in learning bo fly the beginner 
finds most difficulty in mastering the lateral eontrul, it is his luck of 
knowledge of certain features of the fore-and-aft equilibrium that 
leads to most of the serious accidents. These accidents ape the more 
difficult to avoid because they am duo to subtle onuses which the 
flyer does not at the time perceive. 

A Hying machine must bo balanced in throe directions—about an 
axis fore and aft in its line of motion, about an axis extending in u 
lateral direction from tip to tip of the wings, and about a vertical 
axis. The balance about the lateral axis is referred to as furuMind- 
aft or longitudinal equilibrium; that about the foro-and-aft axis m 
lateral equilibrium; and that about the vortical ax is is general! y re¬ 
ferred to as steering! although its most important fund inn is that of 
lateral equilibrium. 

If the rim ter of support of an aeroplane surface would remain 
fixed at one point, as is practically the case in marine vessels and 
in balloons and airships, equilibrium would ho a simple matter. 
But the location of the center of pressure on an aeroplane sorbice 
change* with every change in the angle at which the air strikes the 
surface. At an angle of 90° it is located approximately at the renter 
of the surface. As tho angle becomes leas, the center of pressure 
moves forward. On plane surface it cominufr* to move forward as 
tho angle decreases until it finally reaches the front edge. But on 
cam be rod surfaces the movement is not continuous. After a certain 
critical angle of incidence is reached, which angle, depends upon tho 
particular form of (he surface, the center of pressure moves back¬ 
ward with further decrease in angle until it arrives very close to tho 
rear edge. At. angles ordinarily used in flying, angles of 3° to J2% 
(lie travel of tho neuter of preumre is in this retrograde movement 
and blocated, according to the angle of incidence, at points between 
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M) per cent and 60 per cent hack of th*i Iron! edge of the surffree* The 
locution of the center of pressure on any given surface is definitely 
fixed by the anglo of incidence at which the surface is exposed to 
the air. 

The placing of the center of gravity of the machine below its cen¬ 
ter of support appears, at first glance, to he a solution id the problem 
of equilibrium. This is the method used in maintaining equilibrium 
in marine vessels and in balloons and airships but in flying machines 
it hits die opposite of the desired effect, ff u flying machine con¬ 
sisting of a supporting surface, wh limit elevator or other moans of 
balancing, were defending vertically a.s a parachuto, the center of 
gravity vertical])' beneath tho center of support would main Lain its 
equilibrium. But as soon m the machine begins to move forward 
the center of pressure, ins tend of iimiaining at the center of the sur¬ 
faces r as was the case when descending vertically > moves Inward that 
odge of tho surface which is in advance. The center of gravity being 
located at the crater of the surface and the center of pressure in ad¬ 
vance of tho center of the surface, a turning moment is created which 
tends to Id? the front of (be machine, thus reposing the surfaci ■* at 
a larger angle of incidence and at the same luue io agrealor resist¬ 
ance to forward movement. The momentum of 11 1 +■ mm-lime* acting 
through its orator of gravity below the center of forward resistance, 
combiner with the forward center of pressure in causing tho surface to 
be rotated about its lateral axis. The machine will take an upward 
course until it finally eom.es to a standstill. The rear edge of the 
surface will now be below that of tho front edge and the machine 
will begin to slide backward. The center or pressure immediately 
reverses and travels toward the rear edge of the surface, which now 
in the backward movement has become the front edge. The center 
of gravity again being back of the center of pressure, tho advancing 
edge of tho surface will be lifted as before, and the pendulum effect 
of the low weight will bo repeated. A %ing machine with a low cen¬ 
ter of gravity, without rudders or other means to maintain its equi¬ 
librium, will rwiUiLtc buck and forth in ihm manner until it finally 
falls to the ground. 

It will have been observed from the foregoing that tho equilibrium 
in the horizontal plane was disturbed by two turning moments acting 
ah nut. the lateral horizontal axis of the marl line; one produced by the 
force of gravity and the lift of the surface acting in different vertical 
lines, and the other by the canter of momentum and the center of 
resistance act ing in different horizontal Unas. 

It is evident that a low center of gravity is a disturbing instead of a 
correcting agent. The ideal form of thing machine would bo one in 
which the center of gravity lies in the line of the center of resistance 
to forward movement and in ike line of tliruak in practice this is not 
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always feasible. Flying machioi^ must he built to land safely as vvt^U 
ae to fly* A high cantor of gravity tends to eause a machine to n il 
over in landings A compromise is therefore adopted. The renter of 
gravity is kept high enough to be but. a slight disturbing fart or iii flight 
and at the same time not so high as to interfere in making safe 
landings. 

The throe forces acting on an aeroplane in iho direction nf its hue 
of motion are the thrust of the propellers* the momentum nr Inertia of 
its weight, and the resistance of the ma chin e fro forward travel* If 
traveling in any other than u horizontal course, a component of 
gravity in the lino of motion will have to bo reckoned with. When 
these forces aro exerted in the same lino, wilh the centers of thrust 
and momentum acting in the opposite direction to that of the center 
of resistance* a vnrhtl ion in the quantity of any one, or of all of t hese 
forces will not in itself have a disturbing effect, on the equilibrium 
about tho lateral horizon!al n.\is r But those forces, in the ordinary 
flying machine do not act in the same lino* Usually the renter of 
thrust is high, in onfer to give proper clearance between the propellers 
and the ground: I he center of gravity ia low, to enable the machine to 
land without danger of being overturned; and the renter of resbtnneo 
is tisuallv between the renters of thrust and gravity. When a flying 
machine is traveling at tt in form speed the pn ^polling forces exactly 
equal the resisting forces. In caso the thrust of the propellers k 
diminished by throttling the motor, the momentum of the machine 
acting below the renter of resistance carries the lower part of lhe 
machine along fay ter than the upper part, and the surfaces thus will 
be turned upward, producing a greater angle and a greater resistance. 
Tim same affect k produced if the machine he suddenly struck by a 
gust of wind of higher velocity from in front. The thrust of its pro¬ 
pellers will be temporarily slightly decreased , the resistance due to the 
greater wind pressure will ho increased, and the momentum of the 
machine (tho center of gravity being low) will in this vase also turn the 
surfaces upward to a larger angle. While these variations in the 
forces acting in the horizontal line have of themselves a certain amount 
of disturbing effort, yet it k from the changes of incidence which they 
introduce that one encounters the greatest difficulty in maintaining 
equilibrium. 

The two principal methods used in preserving fnro-and-aft rquilib- 
riiiTii have been, first, the shifting of weight so as to keep the center of 
gravity in line with the changing center of lift; and, second, the utili¬ 
sation of auxiliary surfaces, known as elevators, to preserve the posi¬ 
tion of the center of pressure in lino with a fixed center of gravity. 
The first method has been found impracticable on account of the im- 
possibiltv of shifting large weights quickly enough* The second 
method lY that used in most of the flying timcbines of to-day. 
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Flying machines of this tatter type should have thoir auxiliary sur¬ 
face located as far as possible from the main hearing plum's t because 
the greater the distance the greater b the leverage and consequently 
the smaller the amount of surface required. The auxiliary surfaces 
are usually placed either in front or in the rear of the main support ing 
surfaces, since they act with greater efficiency in those positions than 
when placed above or below. 

With a view to lugh efficiency, no part of cither the main surfaces 
or the auxiliary surfaces should be exposed on their upper sides in a 
wa v l o create down ward preesu ros, Om pout id of a 1 r pressure exerted 
downward costs ns much in propelling power as 2 pounds of downward 
pressure produced by actual weight carried. This is due to the fact < 
that the total pressure on an aeroplane is not vertical, but approxi¬ 
mately normal to the piano of the surface. This pressure may be re¬ 
solved into two forces, one acting in a hue parallel with the direction 
of travel, and the other at right angles to the line of travel. Onq is 
termed lift r| and the other "drift." With a given aeroplane surface, 
the drift and lift for any given angle of incidence always bear a definite 
ratio to one another. Tliis ratio varies from 1 to 12, to 1 to 1 , accord¬ 
ing to the angle of incidence and the shape of tho surface. On an 
average it k about J to B t so that the thrust required of the propeller 
in the ordinary Hying machine is approximately oho-sixth of the 
weight carried. When traveling on a horizontal course the lift is 
vertical and m exactly equal to the total weight of the machine and 
loud. Thb loud may he real weight, or it may bo partly real weight 
and partly downward pragmas exerted on parts of tho surfaces. For 
every pound of weight carried, a thrust of approximately one-sixth 
pound is required. If, however, instead of real weight a downward 
air pressure is exerted on some part of tho machine, thb downward 
pressure must be overcome by an equal upward pressure on some 
other part of the machine to prevent the machine from descending. 

In this case tho horizontal component of tho one pound downward 
pressure will ho about ene-ebrih pound! and the horizontal component 
of the compensating upward pressure nbo will be about one^ixth 
pound, making a total of one-third pound required In thrust from tho 
propellers, os compared with one-sixth pound thrust required liy one 
pound actual weight earned. It is, therefore, evident that the ti^e of 
downward air pressures in maintaining equilibrium is exceedingly 
wasteful, and, as far as possible, should be avoided. In other words, 
when tho equilibrium of an neroplaiio ban been disturbed, instead of 
using a downward nir pressure to depress the elevated side an upward 
pressure should be ut ilized to elevate tho low aids?. The cost in power 
is twice »s great in orio ease ns in tho other. 

The dynamically less efficient system of downward air pressure 
b used to some extent, however, on account of its adoptability in 
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producing more or less inherently stable aero pin ries* An inherently 
stable aeroplane may be described as one in which equilibrium is 
maintained by an arrangement of surfaces, so that when a current 
of air strikes one part of the machine, creating a pressure that would 
tend to disturb tlie equilibrium, the soma current striking another 
part creates a ^dancing prepare in the opposite direction. This 
compensating or correcting pressure Is secured without Lhe mechanical 
movement of any part of the machine. 

The fimt to propose the use of this system for the fnre-and-aft 
control of aeroplanes was Penaud, a young French student, who 
did much experimenting with model aeroplanes In Lhe seventies of 
the last century* His system is used only to a slight extent in the 
mo for- 1 1 riven aeroplanes of to-day, on account of its wastefulness 
of power and on account of its restriction of the maneuvering quali¬ 
ties of the machine. 

Pcnaud H s system consists of a main bearing surf ace and a hori¬ 
zontal auxiliary surface in lhe rear fixed at a negative angle in 
rvlaiimi to the main surface* The center of gravity i- placed in 
from of the center of the main surface. This produces a tendency 
to incline lhe machine downward in front* and to cause it to descend. 
In descending lhe aeroplane gains speed. The fixed surface in the 
rear* set at a negative angle, receives an increased pressure on its 
upper side as the speed increases. This downward pressure causes 
the rear of the machine to be depressed till the machine takers an 
upward course. The speed is lost in the upward course, the down¬ 
ward pressure ©n the tail h relieved, and the forward center of 
gravity turns the course again downward. While the inherently 
stable system will control a machine to some extent, it depends 
so much on variation in course and speed as to render it inadequate 
to meet fully the demands of a practical Hying machine. 

In order to secure greater dynamic efficiency and greater maneu¬ 
vering ability, auxiliary surfaces mechanically operable aroused in 
present Hying machines instead of the practically fixed surfaces of 
the inherently stable type. These machines possess Lhe means of 
quickly recovering balance without changing the direction of travel 
and of maneuvering with greater dexterity when required* On the 
other hand, they depend to a greater extent upon the skill of the 
operator m keeping the equilibrium- It may bo taken as a rule 
that the greater the dynamic efficiency of the machine and the 
greater |U possibilities in maneuvering, the greater the knowledge 
and skill required of the operator. 

If the operator of a (lying machine were able to "rfeeF* exactly 
the angle at which his aeroplane meets the air, 90 per cent at least 
of all aeroplane accidents would he eliminated- It has been the 
lack of this abilit y that has resulted in si> large a toll of human lives. 
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Instruments have lx s en produced which indicate closely the angle of 
incidence at which the machine is flying, but they arc not in gcnma] 
ufiftp ffor dues the average flier realize hnw exceedingly dangerous 
it Is to be ignorant of this angle. Most of the fliers are aware that 
“stifling" is dangerous, but do not know when they really are 
“stalling." 

A flying machine is in great danger when it is flying at its angle 
of maximum lift, A change either to it smaller or it larger angle 
results in a leaser lift. There is this important ditTcreuco, however, 
whether the angle he in creased or decreased* While a smaller angle 
gives less lift H ii also Inis les*i drift reshionoe, so that the machine b 
permitted to gain speed* On the other hand, the larger angle gives 
not only less lift hut encounters a greater resistance, which causes 
the speed of the machine In l>c rapidly checked, so that there is a 
double Ions of lift that due to angle and that due Lo a lesser speed* 

The maximum lift is obtained in most (lying machines at some 
angle between IS* and 2(1°. If the machine be gliding from a height 
with the power of tbs motor throttled or entirely turned off, and 
the operator attempts to turn it to & level course, the speed of the 
machine will soon be reduced to the lowest uL which it can support 
its load* If now this level course he held for even only a second 
or two, the speed and the lift will be so diminished that the machine 
will begin to fall rapidly* 

Idle renter of pressure on a cambered aeroplane surface at angles 
greater than 12° lo 15° travels backward with increase of angle of 
lucid cnee, so that when a machine approaches ihe "stalled *' angles 
the main bearing surfaces are generally carrying practically all of 
the weight and die elevator practically none at all, Under these 
conditions tho main surfaces fall more rapidly than does the rear 
elevator. The machine noses downward and plunges at an exceed¬ 
ingly steep angle toward the earth* This plunge would tend Lo 
bring the machine back to normal speed quickly were the machine 
flying at, its usual angle of incidence. But at the large atigjos of 
incidence the drift is a large parti uf the total pressure on the sur¬ 
face*, "O that, although plunging steeply downward, speed Ls recov¬ 
ered but slowly. The more the operator tries tip check the downward 
plunge by turning the elevator, the greater become* the angle of 
incidence, and the greater the forward resistance. Al Ordinary 
stalled angles the machim-! must descend at all angle of about 25° 
with reference to the horizontal ill order to iniuntain \is spetd. If 
the speed he already Inflow that necessary for support, a steeper 
angle of di^ccnt w ill be required, and considerable time may be con 
surned before supporting speed can be recovered. During all this 
Lime tho machine b plunging down war cl. If the plunge begins at a 
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height of less than 200 or 300 feet, the machine is likely to strike 
the ground before the speed necessary to recover control b acquired. 

The danger from ‘stalling** cornea in the operator attempting to 
check the machine's downward plunge by turning I he main bearing 
aiii'faeea to still larger angles of incidence, instead of point mg the 
i mud Line downward, at a smaller angle of incidence, so that the 
speed cam he recovered more quickly. It Is safe to say that fully 
UU per cent of the fatal accident* in flying urc due La this cause. 
Most of the serious ones occur when, alter long glided from eou- 
suknablu heights, with the power of tbr motor reduced, an attempt 
is made to bring the machine to a more level course several hundred 
feet in the air. The machine quickly loses its speed and becomes 
"stalled. 1 ’ AM of us whu have seen the novice make a “panoftke*' 
landing have seen the beginning of a case of ^stalling" which might 
hii^ c been fatal bud it taken place at a height of 100 or 200 feet. 

The greatest danger in flying tomes from misjudging the angle 
cif incidents. If a uniform angle of incidence were maintained, there 
would be no difficulty in fore-and-aft equilibrium. As ha* already 
been stated, for any given surface and any given angle of incidence 
the position of tile center of pressure is fixed. Under these conditiuUH, 
if the center of gravity were located to coincide with the center of 
pressure and a uniform angle of incidence maintained, the machine 
would always be in equilibrium, 

It, is in accordance with this principle that experiments the past 
year have brought about a mushier a bio advance in the development 
of automatic stability. A sin all horizontal wind vane is so mounted 
on the machine as to ride edgewise to the wind when the machine 
is flying at the desired angle of incidence. In case the machine 
varies from the desired angle, the air will strike the vane on either 
its upper or lower aide. The slightest movement, of the vane in either 
direction brings into action a powerful mechanism for operating the 
coill rolling surfaces. 

If the wind a Erikas the vans on the underside, as would be the 
case when the mao hi no lakes a larger angle of incidence, the elevator 
is turned to cause the machine to point downward in front till the 
normal angle is restored* If the air strike* the vane from above, a 
smaller angle of incidence is indicated' and an opposite action on the 
elevator is produced. In this system no particular angle of the 
machine with the horizontal is maintained- It is the angle at which 
the air strikes the aeroplane surface that is important. If the vmie 
is set at an angle of 5 J wish the main supporting surfaces> and the 
mac hi no is traveling cm a level euuiso, increasing she power of the 
motor will cause It to begin taking on mure speed. But as the lifting 
effect of an aeroplane surface i* the product of two factors — ita speed 
and its angle of ifaddonre—any increase in speed will produce a greater 
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lift and cause the machine to rise. The machine will now he tinned 
upward, with the surfaces meeting the air at an angle of 5*- * hi tlie 

contrary, if the power of the motor he reduced or entirely turned 
off, the machine will immediately Iwgiu to decrease in speed, requiring 
a larger angle of incidence for support. But os soon as the angle 
begins to increase the air will strike the regulating vane on the noder- 
_side and the elevator will be turned ? pointing the machine downward 
till the component of gravity in the direction of travel become® 
sufficient to maintain the normal speed* In this case the pi tines 
will he inclined dovmwwd with reference to the horizontal It la 
evident that a machine controlled hy regulating the angle of the 
machine with referents to the impinging air is no t liable to Lho dangers 
of fi stall in g 1 " already described. 

Several other methods of maintaining fore-and-aft equilibrium 
automatic idly huve been proposed. One utilizes the force nf gravity 
acting on a pendulum or a tubs of mercury; the other, the gyroscopic 
force of a rapidly revolving wheel In both of these systems the angle 
of the machine is regulated ^rith reference to the horizon! al, or 
some other determined plane, instead of with the angle of the imping¬ 
ing air. 

In the case just referred to, in which the power of the motor was 
suddenly turned off while traveling on a level course p with these 
systems, the planes would he maintained at their original angle with 
the horizontal without any regard to the angle of incidence* Tho 
machine would continue forward till through the loss of momentum, 
its speed would become si* reduced and its angle of incidence so great 
that it would be exposed to the dangers of diving. 

The pendulum and mercury tube have other fieri mis faults which 
render them iihcIwh. Tor regulating fore-and-aft equilibrium. If the 
murid lie suddenly meet with a greater resistance to forward I ravel, 
either as a result of change in directum nr of meeting a stronger gust 
of wind from in front, and Its speed be ever so slightly checked t the 
pendulum will swing forward and instead nf turning the machine 
down ward, so as to maintain the normal speed, will can ho the machine 
to be inch nod upward In front and thus further increase its forward 
resistance* 

The pendulum has proved itself an exceedingly useful device, 
however, in regulating the lateral stability of aeroplane*. In this 
case tho effects of momentum and centrifugal force act. on the pendu¬ 
lum in the proper direction to produce desired results, 

I believe tho day is near at hand when tho ilier will ho almost 
entirely relieved of the work of maintaining the equilibrium of hi® 
machine, and that his attention will be required only to keeping \i 
on its proper course and in bringing it safely in contact wit h the ground 
When lauding. 


THE FIRST MAN-CARSYING AEROPLANE CAPABLE OF 
SUSTAINED FREE FLIGHT -I^AXGLEY’S SUCCESS AS A 
PIONEER IN AVIATION, 


Ue A. F. K.msi. Fh. D. 


[WUh 8 plan*,] 

It is doubtful whether any person of the present generation will 
be able to appraise correctly the contributions thus far made to the 
development of the practical living machine, The aeroplane as it 
stands to-day is the creation not of any one man, hut rather of three 
generations of men. It was the invention of the nineteenth century i 
it will }*' the fruition, if not the perfection! of the twentieth century. 
During the long decades succeeding the time of Sir George Cayley, 
builder of aerial gliders and sagacious exponent of the laws ol flight, 
eontinuniB progress has been made in every department of theoreti¬ 
cal and practical aviation—progress in accumulating the data of 
aeromechanics, in discovering the principles of this science, in im* 
proving the instruments of aerotcchuic research, in devising the or¬ 
gans and perfecting the structural details of the present-day dynamic 
llying machine. From time to lime numerous aerial craftsmen hare 
flourished in the world's eye, only In pass presently into comparative 
obscurity, while others too neglected or too poorly appreciated in their 
own day subsequently have risen to high estimation and permanent 
honor in the minds of men. 

Something of this latter fortune was fated to the late Secretary of 
the Smithsonian Institution, Fora decade and a half I>r. I .angley had 
toiled unremit kingly to timid up the basic science of mechanical flight, 
audhualty to apply ii, to practical use. lie had made numerous model 
aeroplanes propelled by various agencies — by India rubber, by steam, 
by gasoline—all operative and inherently stable. Then with great 
roniidence he luid constructed for the War Department a man flier 
which was the duplicate, on u fourfold scale, of his successful gmw>- 
line model. But on that luckless day in December, 1903, when he 
expected to inaugurate the ora of substantiid aviation, an untoward 
accident to his launch is kg gear badly crippled hh tunefully and ade¬ 
quately designed machine. The aeroplane was repaired, hut not 
again tested until the spring of lull—seven years after Langley J s 
death. 


nr 
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Such mi accident, occurring now, would be regarded as a passing 
mishap; but at that time it seemed to most people to demonstrate 
the futility of ail aviation experiments- The press overwhelmed the 
inventor with ridicule: the great scientist himself referred to the acci¬ 
dent os having frustrated the best work of his lift*. Although ho felt 
confident of the filial success of his experiments, further financial 
support was not grunted and lie was forced to suspend operations. 
Scarcely could he anticipate that a decade later, in n far away little 
hamlet, workmen who hud never known him would with keenest 
enthusiasm rehabilitate that same tandem monoplane, and launch it 
again and again in successful flight, and that afterwards in the Na¬ 
tional Tapi lid it should bo assigned the place of honor among the 
pioneer vehicles of the air. 

When in March, 19T4, Mr. Glenn If. Curtiss was invited to send a 
flying boat to Washington to participate in celebrating “Langley 
Day,” 1 he replied, "I would like to put the Langley aeroplane Itself 
in the air.” Learning of this remark Secretary Walcott, of the 
SmiLltsuniuii Institution, soon authorized Mr. Curtiss to recanvas 
the original Langley aeroplane and launch it cither under its own 
propulsive power or with a mom recent engine and propeller. Early 
in April, therefore, the machine was taken from the Langley Labora¬ 
tory and shipped in a box car to the Curtiss Aviation Field, beside 
Luke Keuka, Hammonds port, N. Y, In the following month it was 
ready for its first trial since the unfortunate accident of 1903. 

The main objects of these renewed trialu were,first, to show whether 
Like original I.anglev machine was capable of sustained free flight 
with u pilot, atul, secondly, to deter mi no more fully the advantages of 
the tandem type of aeroplane. The work seemed a proper part of 
the general program of experiments pi tinned for the recently r convened 
Langley Aerodynamical Laboratory. It was, indeed, for just such 
expertinonluLion that the aeroplane, hud been given in the Smith¬ 
sonian Institution by the War Departincut, at whose expense it had 
been developed ami brought to completion prior to 1903, After some 
successful flights at Hammonds port the famous craft could, at the 
discretion of til a Smithsonian institution, either he preserved for ex¬ 
hibition ur Used for further scientific study. To achieve the two 
main objects above mentioned, the aeroplane would fust lie flown as 
nearly os possible in its original condition, then with auch modifica¬ 
tions as might seem desirable for technical or Other reasons. 

Various ways of launching wen* considered. In l DOM tho Langley 
aeroplane was launched from tho top of a houseboat. A car support¬ 
ing it and drawn by lengthy spiral springs ran swiftly along a track, 
then suddenly dropped away, leaving tho craft afloat in midair with 
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Langley Aeroplane Just Rising from Water, June £ p 1$14, Piloted by Curtiss 



Flight op LahoLEY Aeroplane with its Own Power Punt Over Lake Keuki 
June 2 t 1914,. Piloted by Cuhtil^ p 
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its propellers whirring and its pilot supplementing, with manual cort- 
trol, if need hr, the automatic stability of the machine. ^ l his method 
of launching,shown by subsaiiuent experimentalists, is a practical 
one mid wus favorably entertained by Mr. Curtiss. Ho also thought 
of starting from the ground with wheels, from the ice with skates, 
fnm the water with 8oate> Having at bond neither a first rate 
smooth field nor a sheet of lie, he chose to start from the water. 

In the aecompfinyingUhistratioiiH, plates 1 and 2 show ilia appCftr- 
atnm of the Langley flying machine after Mr, Curtiss had provided it 
with hydroaeroplane flouts and their ooimecting truss work. The 
steel main frame, the wings, the rudders, tho engine and propellers 
all were aubotontially as they hud been in MOS. Thu pilot hud the 
aauie seat under tho main frame, and the aamc general system of 
coutrol as in 1903. lie rould raise or lower tlio croft by moving the 
big rear rudder up ami down; he could steer right and left by turning 
the vertical rodder. He hud no ailerons nor wing-warping mecha¬ 
nism, but f nr lateral balance depended upon the dihedral angle of the 
wings mid upon suit a hie movements of his weight or of the vertical 
rudder. And hero it may be noted that Langloy had placed die vor¬ 
tical steering rudder under and to the rear of tho center of gruv ity. 
< 5 o winced, it served as a fairly good aileron by exerting a turning 
movement about the longitudinal axis* of the machine. 

After the adjustments for actual flight had been made in the Cur- 
tiJ, factory, according to the minute descriptions contained in the 
Langley Memoir on Mechanical Slight, the aeroplane was taken to 
the shore of I*k* Kenbn, beside the Curtiss hangars, and assembled 
for launching. On a dear morning (May 28), and in a mild bn«, 
the craft whs lifted onto the water by a dozen men aiul set going, w ith 
Mr t'urliss at the steering wheel, ensconced in the lit lie boat-sliftp<?d 
car under tho forward part of the frame. Many eager witnesses ami 
camera men w«a at hand, on short* and in boats. The four-winged 
erafL, pointed somewhat across the wind, went skimming over the 
wavelets, then automatically headed into the wind, row? in level 
poLsis soared gracefully for 150 feet, and landed soflly on the water 
near the shore. Mr. Curtiss assorted ttiut be rould have tlowo far¬ 
ther but lading unused to the machine, imagined tho left w ings had 
raoi 4 resistance than the right. The truth L> that the aeroplane was 
pertoctlv balanced in wing resistance, hut turned .m tho water like u 
weather vane owing to tlio lateral pressure on its big rear rudder. 
Hem e iu future experiments this rudder was made turimble about a 
vertical axis, ns well as about the horizontal axis used by Langley. 
Henceforth the little vertical rudder under the frame was kept fixed 

and inactive. , 

After a few more flights with the Langley aeroplane, kept ns nearly 
us possible iu its original condition, its engine and twin propeller* 
ware replaced by a Curtin SO-horae motor and direot-coimocted 
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tractor propeller mounted on the steel frame, well forward, as shown 
in the photographs. It was hoped in this way to spare the original 
engine mid profiler hearings, which were none too slrong for tilts 
mi Usual burden milled by the floats. In 1003 the total weight of 
pilot and machine had been 830 pounds; with the floats lately added 
it was 1.170 pounds; with the Curtiss motor and all ready for flight 
it was l,520 pounds. But notwithstanding those surplus additions 
of 40 per cent untl 85 per cent above the original weight of the craft, 
the delicate wing span; Mid ribs were not broken, nor was any part 
of the machine excessively overstrained. 

Owing to the pressure of other work at the factory, the aeroplane 
equipped with the Curtiss motor was not ready for further I lights till 
September. In the absence of Mr. t'lirtus, who had gone to Cali¬ 
fornia in August, ii pupil of Ilia aviation school, .Mr. El wood Doherty, 
vbhmtcored to act ils pilot. 

During some trials for adjusting the aeroplane controls and Lho 
center of gravity, Mr. Doherty, on the afternoon of September 17, 
planed easily over the water, rose on level wing, and flew about 150 
feet, at on elevation of 2 or 3 yards, as shown by the accompanying 
photographs of that date. Presently two other like flights were 
made. Mr. Doherty found that with the fore wings at 10° incidence, 
the rear ones at 12", and the pilot's seat uii the main fra me about 
midway between the wings, the flier responded nicely to the move¬ 
ments or the pilot wheel. A slight turn of the wheel steered the 
craft easily to right or left, a slight pull or push raised nr lowered it. 
Tliu big double tail, or rudder, which responded to these movements 
Was the only steering or control surface used. The breaking (J f the 
8-foot t rui tor screw terminated these trials for the day. The waves 
indicate the strength of the wind during the flights. 

On September 10, using a 0-fool screw, Mr. Doherty begun to make 
longer flights. A pleasant off-shore breeze rippled the water, but 
without raising wliitecaps. A dozen workmen, lifting the gnat tan¬ 
dem monoplane from the shore, with the pilot in Ids seat, waded into 
tlie lake and set it gently on the water. A crowd of witnesses near 
at bn ml, and many scattered about the shores, and on the lofty vine- 
chul hills, stood watching expectantly. When some of the official 
observers and photographers, in a motor boat, were well out in the 
lake, a mail in high-top boots, standing in the water, started the pro¬ 
peller, atul stepped quickly out of the way. Then with its great 
yellow wings beautifully an. lied am] distended, iho Imposing craft 
ran swiftly out from the shore, gleaming brilliantly in the afternoon 
sun. At first the floats and lower edges of the rudders broke the 
water to a white surge, then as the speed increased they rose more 
and more from the surface. Presently the rear floats and the rudders 
cleared the water, the front floats still skipping on their heels, white 
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with foam. The whole craft w&s now in soaring poke* It quickly 
approached the pho login pliers, bearing on its back the alert pilots 
who seemed to bo scrutinizing every part of St and well satisfied to let 
it nice. Then it mo majestically and sailed on even wing 1,000 foot; 
flank softly, skimmed the water, and soared another 1,000 feet' 
grazed the waiter again, rose and sailed ft t 0G0 feet; turned on the 
waiter find came hack in the same manner; and, ii* it pushed the pho- 
togruphora, soared again nearly half a mile. The flights were re¬ 
peated a few minutes later, thon r owing to squally weather, were 
discontinued for U days. 

On October I. 1914, the aeroplane was launched at 11 n . in. in an 
off-shorr breeze strong enough to rake wliitocajia, Hovering within 
30 feet of the water, and without material loss of speed, it made in 
quick succession Might* of the following duration, as observed by 
four of us in ii motor bout and timed by myself: 20 second*, 20 sflo 
oiuls, 05 seconds, 20 seconds, 40 seconds, 45 seconds. As the speed 
through air averaged about 50 feet per second, the through air 
length* of these flights wen J, respflctively, 1,000 feet, 1,000 feet, 3,250 
feet, 1,000 feet, 2,000 feet, 2 t 250 feet. As the aeroplane was now 
well oul from shore among the heavy billows ami white cups, Mr. 
Doherty landed upon the water and turned it half about for tho 
homeward flight. Thereupon Elm propeller tips struck the waves 
and were broken off, one easting a splinter through the center of the 
left wing: The pilot stopped the engine, resled in his seat, and wtin 
towed borne by our motor boat. The Mights were witnessed and 
have been attested by many competent- observers. 

Aa to Ilia performance of the aeroplane during these trials, the 
pilot, Mr* E. Doherty, reports, and we observed, that the inherent 
lateral stability wm excellent, the forO-and-oft control was satisfao 
lore, and the movement of the craft both on tho water and in the air 
was steady and suitable for practical flying in such weather* Ap¬ 
parently the machine could have Mown much higher, and thus uvuidod 
touching the water during the lulls m the breeze; but higher flying 
did not seem advisable with the frail trussing of wings dr signed to 
carry 830 pounds instead of the 1,520 pounds actual w eight* 

At the present writing the Langley aeroplane is in perfect condition 
and ready for any further Eosts that may bo deemed useful. But 
h already f ulfill ed the purpose for which it was designed. It 
has demonstrated that, willi its original structure ami power, it is 
capable of flying with a pilot ami several hundred pounds of useful 
load. It is the first aeroplane in the history of the world of which 
this mu bo truthfully said. 

If the experiments be continued under more painstaking technical 
Hireri ion r longer flights can easily he accomplished* Mr- Manly, who 
designed the Langley engine and screws and who directed the cun- 
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sLruction anH tesla of the largo aeroplane up to December &, 1003, 
reports that ho obtained from the propulsion plant a static thrust 
of 4=>n pounds, and that lie once run the engine under full load for 10 
hours consecutively. This thrust is nearly 100 pounds more than 
that commonly obtained at Ham mends port with the same plant, 
and 20 pounds more than the static thrust obtained with Iho Curtiss 
motor on the day when it How tho aeroplane with 1,520 pounds 
aggregate weight, i lento, by restoring tho engine and propellvn* to 
iheir original normal working condition they should be able to drive 
the aeroplane in successful flight with an aggregate weight of nearly 
1 ,(500 pounds, oven when hampered with tho floats and their sustain¬ 
ing truss work. With a thrust of 4ft0 pounds, the Langley aern- 
plane, without floats, restored to its original condition and provided 
with stronger hearings, should ho able to carry a tuati and sufficient 
supplies for a voyage lasting practically tlio whole day. 

Dr. IjAiigley’s aero technic. w T urk may be briefly summarized as 
follows: 

1, His aerodynamic experiments, some published and some ha yet 
unpublished, were complete enough to form a basis for practical 
pioneer aviation. 

2. He built and launched, in UStlfi, tho first, steam model aeroplane 
capable of prolonged free flight, and possessing good inherent sta¬ 
bility. 

3, Ilo built ( hefirst intmial-combustion motor suitable for a practi¬ 
cal man-carrying aeroplane. 

4. Ho developed and successfully launched the Just gasoline model 
aeroplane capable of sustained free flight. 

ft. Ho developed and built the first man-carrying aeroplane capable 
of sustained f reo flight. 


SOME ASPECTS OP INDUSTRIAL CHEMISTRY.' 


By L , II, Bakxklaxd, Sc, D. 


While T appreciate deeply tlm distinction of speaking before you on 
the oncasimj of the fiftieth anniversary of the Columbia School of 
Minus, I realize, at the same time, that nobody horn present rrnuld do 
bettor just if o to t he subject which has been chosen for this lecture, 
than the holered master hi whose honor the Charles Frederick 
Chandler lectureship hus been created. 

Dr. Chandler, in his long and eminently useful career as a professor 
and us a public servant, has assisted at the very beginning of some of 
the most interest ing chapters of applied chemistry, hero and abroad, 

Soijft. of lira pupils Uavn become lea:bus in ehemicul industry; 
others have found in his teachings the von' conception of new chemical 
processes which made their names known throughout the whole world. 

Indus trial chemistry has been defined ns "the chemistry of dollars 
and cents." 

This rather Cynical definition, in its narrower interpretation, seems 
to ignore entirely the far-reaching economic and civilizing influences 
which have boon brought to life through the application* of science; 
it fads to do justice to the fact that the whole fabric of modern civilisa¬ 
tion becomes each day more and over more interwoven with the 
endless ramifications of applied chemistry. 

The earlier affects of litis influence do nut date hark much beyond 
one hundred and odd yours, They became distinctly evident during 
the first French Republic, increased under XupoJonn, gradually spread 
to neighboring countries, and then reaching out farther, their influence 
is now obvious throughout the whole world. 

France, during the revolution, scattered to the winds old traditions 
and conventionalities, in culture as well as in politics. Until then, 
she had mainly impressed the world by tho barbaric, wasteful splendor 
of her opulent kings, at whoso courts tho do voter's of science received 
scant attention in comparison to tho mure ornamental artists and 
iH'Uos-lettlists, who were potted and rewarded alongside of tho all- 
important own of lho sword. 

i Aft iwMi-m *lvrn a( Cnluiftbla Uni wrnl 7 to in-aatianie tln> CIiiuls F. Cbai>iUtr Icvltiriuhlp Cnpr- 
TitJita IffH, bj Cflliitehl* Uni rectify Dn-t ItpYiriiaH^l hr pcraakxunn 
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In font, as far hs l ho oulturo of science was concerned, lhe Nnthor- 
]units Germany, and Italy, and mom particularly England, worn 
head and shoulders above the Franco of "lo Roi Solotl. 

The struggle of the now regime pul Franco in tho awkward position 
of tho legendary beaver which “had to climb a trim." 

If for nn other reason, she needed scientist* to help hor in her warn 
against the rulers of Other Europe an nations. Sbo needed them just 
ns much for repairing her crippled finaiir.es and her badly disturbed 
industries which were dependent upon natural prodswfc imported 
until then, but of which the supply hail suddenly been cut off by the 
so-fidlod continental blockade. Money prizes and other inducements 
iiad been nffored for stimulating the development of chondral proces¬ 
sor Mid—what is more significant patent lews wore promulgated 
so as to foster invent inn. 

JCicnlurt Leblanc's method for the manufacture of soda to replace 
the imported alkalis, BorthnUot’a method for bleaching with chbrino, 
tho beotrfoigar industry, to replace cane sugar imported from the 
colonies, and several other processes, wore proposed. 

All these chemical processes found themselves soon lifted from the 
hands of tho swroUvo alchemist or tho timid pharmacist to the rank 
of reid manufacturing mol hods. Industrial chemistry had begun 
its lusty career. 

First successes stimulated new endeavors, and small wonder is it 
that. France, with those favorable conditions at hand, for a while at 
lead, entered into the most glorious period of I hat part of her history 
which mini I'm to the development of chemistry, and (lie lifts dependent 
thereon, 

It is difficult to imagine that at that 111110 Germany, which now 
nonupsee such an enviable position in chemistry, was so far liehind 
that even in 1822. when Lining wanted lo study chemistry at the best 
school*, ho had to leave ids own country and turn to Gay-Lussac, 
Th&iard, and Dulon gin Paris, 

Hut the British were not slow to avail themselves of the now 
opportunities in chemical manufacturing m dearly indicated by 1 he 
first successes of the French, Their Unon bloachorios in Scotland 
and England soon used an improved method for bleaching with 
chloride of lime, dev 1 doped by Tennant, which brought along the 
manufacture nf other chemicals relating thereto, like sulphuric add 
and soda. 

The r.homirsl reactions involved in all these processes are relatively 
simple, ami after they were nnon well understood it nwjuired mainly 
resourceful engineering and good commercial abilities to build up 
surcesafully tho industries based thereon, 

From this epoch on dates 1 lie beginning of the development of that 
important industry of heavy chemicals in which the British led lho 
world for almost a century. 
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In tho same way, England had become tins loader in another 
iinysnrtiini branch of chemical industry—the mumflciute of coal gas. 

The Germans wore soon to make up for hm% time. Tho&o svnifl 
German mdvorsitius which } when Liebig was a young man p were 
so poorly equipped for the study of chemistry, were now enthusiasti¬ 
cally at work on research along the newer develop monte of the physical 
sciences,, and before long the former pupils of Franco* in their turn* 
be&amo teachers of the world. 

Liebig had imuignrated for the chemical students working under him 
his system of itteudi lalHiraiorius; however modes t those laboratories 
may liavo been at that time,! hoy carried bodily t ho study of chemist ry 
from pedagogic borosomonesa into a captivating cross-^xamiiiation 
of nature. 

And it seemed as if nature had been waiting impatiently to impart, 
some of her secrete to t he c hild ren of men p who for so many generations 
had tried to sett Id truth and knowledge by words and oratory and 
by brilliant displays of metaphysical contruvendra. 

Indeed, at that titno a few kitchen tables, some cLtnray gUfiSWOn), 
a charcoal furnacu nr lwo p some pjts and pans, and a modest balance 
were all that was needed lo make nature give her answers. 

These modes! paraphomalia, eloquent by their very simplicity, 
brought forth rapidly succeeding discoveries* One of I hem was Indy 
sensational: Liebig and Wflhlar succeeded in accomplishing the direct 
synthesis of urea; thinking men began to realise the far-reaching 
import of this revolutionary discovery whereby a purely organic 
substance had boon created in tho laboratory by starling exclusively 
from Inorganic materials. This result upset all respected doctrines 
that organic substances are of a special enigmatic constitution, 
altogether different from inorganic or mmertd compounds, and that 
they only could bo built up by the agency of the so-called “vital 
force” whatever that thight mean. 

Research in organic chemistry became mure and more fascinating; 
all available organic substances were being investigated one after 
anot her by restless experimentalists. 

Cool tar, heretofore a troublesome ln-product of gas manufacture, 
notwithstanding its uninviting, ill-* milling, black, sticky appearance, 
did not. escape the general inquisitive tendency; soino of its const)in¬ 
dite, like benzol or others* were isolated and studied. 

Under the brilliant leadership of E£kui£, n successful attempt was 
made to correlate the rapidly increasing new experimental observa¬ 
tions in organic chemistry into a new theory which would try to 
explain all the numerous facts; a theory which became tho signpost 
to the roads of further achievements. 

The dbcovery of quickly succeeding processes for making from 
coal-tuf derivatives numerous artificial dyes, rivaling, if not sue* 

W-a lvli~—15 
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jwdaing, the most brilliant colors of nature, made the group of hold 
investigators still bolder. Research in orgunio chemistry begun to 
find rapUl rewards; entirely new and successful industries based, on 
purely scientific duLu wore springing up in England and France, as 
well us jei Germany. 

tSonie wide-awake Isadora of these new enterprises, more particu¬ 
larly b tiertuany. soon learned that I her were never hampered by 
too much knowledge, but that, ou the contrary, they were almost con¬ 
tinuously hundkapped in their impatient pnwsud march by insufficient 
knowledge, or by misleading conceptions, if not by incorrect published 
facts, 

This is precisely where tbo study of organic chemistry received its 
greatest- stimulating influence and soon pul Germany, m this, branch 
of science, ahead of nil other nations. 

Money mid ejfort had to be spent freely for further research. The 
In*! scholars hi chemistry were called into action. Some men, who 
were preparing themselves to Ix-como professors, were induced to 
take a leading part as director* in one or another of the now chemical 
enterprises. Others, who refused to forsake their teachers* career, 
were retained as advisers or guides, and, in several instances, the 
honor of being the discoverers of new processes, or a new dye, was 
made more substantia! fiv .fiiimiL-ml rewards. The modest German 
university professor, who heretofore had lived within a rather narrow 
academic sphere, went through a process of evolution, where the 
rapidly growing chemical industry mode him realize h» latent powers 
and greater importance, and broadened his influence fur beyond the 
confines of his lecture room. Even if he were alt rustic enough to 
remain indifferent to fame or money, he felt stimulated by the very 
thought that he was helping, in a direct manner, to build up the nation 
and the world through the immediate application of the principles 
of science. 

In the I., ginning science did nil the giving and chemical industry 
got most of the rewinds; but soon the teles began to change to the 
point where frequently they became entirely inverted. The uni¬ 
versities did not furnish knowledge fast enough to keep pu^. w jth the 
requirements of the rapidly developing new industries. Modern 
research laboratories were oiganized by gome large chemical factories 
on a scale never conceived before with a lavishing which nude the 
bwt equipped university laboratory appear like a timid attempt 
Germany, so long behind France and England, had become tho rceiU 
oized leader in organic manufacturing procesors, and developed a 
new industrial chemistry hosed more on the thorough know! | 
of organic chemist ry than ou engineering skill, ” etJs ° 

In this relation it k worth while to point out that it , 
organic industrial chemistry, through which Germany was Z^nto 
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became ho important, al. firv-i. counted its output un! in tons, but ia 
pounds not in size nor in quantity, but in variety and quality* 

Xfiw bt us see how Germany won her spurs in chemical engiuwr- 
jiixc as well. 

At lhe beginning the manufacturing problems in organic chemistry 
involved few if any serious engineering difficultties, but required most 
of ail a sound theoretical knowledge of the subject; this put a premi¬ 
um on the scientist and could afford, for a while at least, to ignore the 
engineer. But when grow ing dovdopments began to claim the hdp 
of good engineers there was no difficult whatsoever in supplying 
them* nnr in making them cooperate witli iho sclenhsis. In fnrt y 
since then Germany has solved just ns successfully some of the jnost 
extraordinary chemical engineering problems ever under* uktn r al¬ 
though the development of such processes was entered upon at first 
from the purely scientific side. 

In almost every case it was only after the underlying scientific 
facts had been well established that any attempt was made to develop 
them commercially* 

Healthy comim-rend development id new scientific prorertnes docs 
not build its hope of success upon the cooperation of that class of 
“promoters" which are always eager to find any available pretext 
for making “quick money; 1 and whose scientific ignorance contributes 
conveniently to their comfort by not interfering too much with the ir 
self-assurance and their voluble assertions. The history of most 
of the successful recent chemical processes abounds in examples 
where, even after the underhung principles were well established, 
long mid costly preparatory team work had to be undertaken; whore 
foremost seh'iil is is, as well as engineers of great ability, hint to opus 
bine their knowledge, their skill, their perseverance, with tin- sup¬ 
port of huge chemical companies, who, in their turn, could rely on 
the financial backing of strong bonking concerns, wdl advised by 
tried # ex pisrt speciafisi s. 

History docs not record how many processes thus submitted to 
careful study were rejected because, on close examination, they were 
found to possess some hopeless shortcomings, in this way mime runs 
fruitless efforts and financial losses w T ere averted, where less carefully 
accumulated knowledge might have induced less scrupulous pro¬ 
moters to secure money for plausible but ill-advised enterprises. 

In the history of the manufacture of artificial dyes no chapter 
gives a mure striking instance of long, assiduous* and expensive pro- 
hininary work of the highest order than the develop men I of the 
Industrial synthesis of indigo* Here w as u substance of enormous 
Consumption which, until then, had been obtained from the tropics 
as a natural product of agriculture. 

Prof, von Baev it iuid his pupils, by long and marvelously 
clever laboratory work H had succeeded in unraveling the chemical 
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constitution of this mdige dye } and had finally indicated some possible 

methods rd #yt\ thesis. Notwithstanding nil this, it lack the Bndlsehe 
A Tillius & Soda Fnbrik about 20 years of patient research work, earned 
out by a group of eminent chemists and engineers* before n satts- 
factoiy method was devised by which the urtilieial product could 
compete in price and in quality with natural indigo* 

Germany, wiLli her well-adaunbt^fied and cosily inferrible patent 
laws, has addi^cl, through [his von' agency t a nu&l vital inducement 
for pirnirer wurtt in chemical industries, Who otherwise would dare 
to take the risk of nil the expenses connected with this class id 
■creative work! Moreover* who would be induced to publish the 
result of his discoveries far mid wide throughout the whole world in 
that steadily flowing stream of pnleiU Utattilure, which, much sooner 
than any textbooks or perilKlicals h enables one worker Lo be bem^ 
lited and to be inspired by Lhe publication of the laUsL umk of 
others! 

The development of souse problems of industrial chemistry lias 
enlisicd the brilliant coUahor&tkin of men of so many different 
nalinnaliiiea that the final success could nnt. r with nuv measure of 
justice, he inscribed exclusively to one single rare or nation; this is 
best illustrated by she invention of the different methods for the 
fixation of nitrogen from the nit. 

This extraordinary achievement, although scarcely a few yearn 
old, seems already an ordinary link in die i-liiim of common, current 
events of our busy life: and yet, the facts cornice ted with 0u- recent 
conquest reveal a modem lain of great deeds of the race — jtn rpo.s of 
applied science. 

Its etoty began the day when chemistry taught us how indis¬ 
pensable arc lhe lutrogriieous substances for the growth nf all living 
beings. 

Generally speaking, the most expensive foodstulTs are precisely 
those which contain most nitrogen; for the .simple reason that there 
is, iiti-l always Inis been, at some time or another, a shoring, of 
nitTogcnoua food- in the world* Agriculture furnishes m these 
pro I rid or nitrogen eontaining bodies, whether we eat them direct 3 v 
nd vegetable product# or indirectly as ariunala which have assimilated 
the pmteids from plants* It so happens, however, that by on, ^\_ 
balanced methods of agriculture we take nitrogen from the soil 
nuirh faster than it is supplied to the soil through natural o^emi. - 
We have tried to remedy this discrepancy by enriching the Zil 
manure or other fertilizer, but this has been found tot*% ilfeufficii nl 
specially with our methods of intensive culture mir fields s 
more nitrogen. So agriculture has been looking anxiously ny * ]} n\t 

,irw s “* rcft V', f [l 'f 0pCQ F "' n short, tm* k,, rwrlL't 

supplv found m the pufluo deposits of Poru but, JZ 
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used up so eagerly that the supply Lusted only a very few years. In 
the meantime, ike ammonium suits recovered from the by-products 
of the ga h works have come into steady use as nitrogen fertilizer. 
But here again the supply is entirely insufficient, and during the 
later period our mu in reliance has been placed on the natural beds 
of soil sum nitrate, winch arc found in the desert regions of Chile. 
This has been, of late,, our principal source of nitrogen for agriculture, 
m well m for the many industries winch require saltpeter or nitric 
add, 

III KSUB Sir Wdliuna Crooks, hi bln memorable presidential address 
before the British Association for the Advancement of Science, calkd 
our attention to the threatening fact that, at the increasing rate of 
consumption, the nitrate iieds of Chile would be exhausted before 
the middle of this century. Here was a warning an alarm call 
raised to the Immim race hy Olio of the deepest scientific thinkers of 
our generation. It meant no more nor less than that before long 
our race would be confronted with nitrogen starvation. In a given 
country, all other conditions being equal, the abundance or the lack 
of nitrogen available for irntriLion is jl paramount factor in the decree 
of general welfare, or of physical decadence. The les* nitrogen there 
Lh available il* feud* lulls, the nearer the population is to starvation. 
The great famine* in such nitrogen-deficient countries as India and 
China and Russia are sad examples of nitrogen starvation. 

And yet, nitrogen, zis such, is so abundant in nature that it consti¬ 
tutes fourdifths of the air we breathe. liver%" square mile of our 
atmosphere contain* nitrogen enough to satisfy our total consumption 
fur over half a century. However, this nitrogen is unavailable as long 
as we do not find means Lo make it enter into some suitable chemical 
combination. Moreover, nitrogen was generally considered inactive 
ami iiiE’rt, because it dues not enter readily in chemical combination. 

WUliulE Crookes s disquieting message of rapidly approaching 
nitrogen starvation did not cause much worry to politicians ihev 
seldom look so fur ahead into the future. But Lu the men of science 
it rang like a reproach to Lhe human race. Here* then, we were in 
possession of an inexhaustible store of nitrogen m the nir, and yet, 
unless wo found some practical means for Lying some of it into a suit¬ 
able chemical combination we should soon be in a position similar 
to that of a ship wrecked sailor, drifting around on an Immense ocean 
of brine, and yet slowly dying for hick of drinking water* 

As u guiding beacon there was, however, Lhal simple experiment, 
carried out in a little glass tube p os for hack as 1875, hy both Caven¬ 
dish and Priestley, which showed that if electric sparks were passed 
through air the oxygen thereof was able to burn some of the nitrogen 
and to engender nitrous vapors. 


230 ACTUAL RF-POHT SMITUSON'lAN DTSHTTOpN, IffU. 


This seemingly unimportant laboratory curiwity, so lojag durum ut 
in the textbooks, was made a starting point by Charles S. Bradley 
ami D. TL Luvejoy* tii Niagara Falls, for creating the first industrial 
apparatus for converting the nitrogen of the air into nitric acid by 
means of the electric arc. 

As early ns 1902 they published their results ns well us r hr details 
of their apparatus. Although they operated only one Mkshsed unit, 
they demonstrated conclusively that mtric arid could thus l.w pro¬ 
duced from the air in unlimited quantities. We ahull examine later 
the reasons why this pioneer enterprise did not prove a commercial 
sucres*: but to these two American inventors belongs, undoubtedly^ 
the credit of having furnished the lust answer to the distress call of 
Bir "William Crookes, 

In the meantime many other investigators were at work at the 
same problem, and eoon from Norway's abundant waterfalls ealie 
the news that BirkeJ&nd and Eydo hail solved sneeessfully, and on a 
commercial scale, the same problem by a differently constructed 
appointus. The Germans, ton, were working on the same subject, 
and wi a heard that Schoenheir, ako Pauling, bad evolved still other 
tnt'lhod*, =itl_ however, based on the Cavendish-] 3 rieslicy principle 
of oxidation of nitrogen. In Norway alone the artificial saltpeter 
factories use now, day and night, over 200,000 electrical horsepower, 
which will soon be doubled; while a further addition is contemplated 
which will bring the volume of electric current consumed to about 
500,000 horsepower. The capital invested at present in these works 
amounts to 527,000,000- 

Frank and Caro, in. Germany t succeeded in creating another 
profitable industrial process whereby nitrogen could he fixed by 
carbide of calcium, which converts it into calcium cynnamlda, an 
excellent fertilizer by itself. By the action of steam on wunamide, 
aiiitiionia is produced, or it ran be made the starting point of the 
manufacture of cyanides, w profusely used for the treatment of guld 
and silver oree* 


Although tlio synthetic nitrates have found a field of their own 
their u I illation for fertilizers is smaller than that of the evauamide* 
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. total output 

of cyrmamuk' is valued at $15,000,000 yearly and niupL.y* 200 0O0 
horsepower, mid prepamt ions are made at ulniust ovary j ng 
plant, for further extension* An English company is contemplatiii 
tho application of t .000,000 horsepower to tin- production of cyan a 
unde or.*! Us derivative. 000.000 of which have been secured in 
Norway ami 4UU,(KX1 in hduui. 
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But still other processes are being developed, based on the fact 
that certain metals or metalloids can absorb nitrogen, and can thus 
be converted into nit rides; tbe Utter can either be used directly as 
fertilisers or they can bo made to produce ammonia under suitable 
treatment* 

The most important of these nit ride processes seems to be that 
of Berpek r who, in his experimental factory ut Niedermor*rbweiler, 
succeeded in obtaining aluminum nitride in almost theoretical quan¬ 
tities, with the use of an amount of electrical energy eight times 
fesa lban that needed for the Birkehmd-Eyde process and one-half 
less than for the c yanamide process* the results being eah-ulatcd for 
equal weights o| ‘ E fixed M nitrogen, 

A French company Lius taken up the commercial application of 
this process which can furnish, besides ammonia, pure alumina for 
the manufacture of aluminum metal* 

An exceptionally ingenious process for the direct synthesis of 
ammonia by the direct union of hydrogen with nitrogen has been 
developed by Haber in conjunction with the chemists* and engineers 
of the BadLsrhe .Aniline & Soda Fabrik. 

The process has the advantage tlmt it is not. like the other nit rogen- 
ILvation processes, pammuimtly dependent upon cheap power; for 
this reason, if for no other* it seems to ho destined to a mure ready 
application* The fact, that the group of the three German chemical 
companies winch control the process have sold out their former 
holdings in the Norwegian enterprises to a Norwegian-French group, 
and arc now devoting Lheir energies to tlio commercial installation 
of the Haber process, has quite some significance m to expectation 
for the future. 

The question n situ rally arises: Will there be an overproduction 
and will these different rival processes not kill each other in slaugh¬ 
tering price* beyond remunerative production? 

As to overproduction, we should hear In mind that nitrogen 
fertilisers arc already used at the rate of about $200,000,000 worth 
a year, and I hail any decrease in price, and, more particularly, bet ter 
education in farming, will probably lead to an enormously increased 
consumption. It is worth mentioning here that in 1S25 the fimt 
shipload uf Chile saltpeter which wan sent to Europe could Und no 
buyer and was finally thrown into the sea as useless material. 

Then again, processes for nitric add and processes for ammonia, 
instead of interfering, are supplementary to each other, because the 
world needs ammonia and ammonium salts, os well oa nitric acid 
or nitrates. 

It should be pointed out also that ultimately the production of 
ammonium nitrate may prove the most durable method &o as to 
minimize freight; for this salt contains much more nitrogen to the 
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lull ikan it> the case with ike more bulky calcium su.lt ^ under which 
form synthetic nitrate a re now put into the market. 

Before leaving this subject, let ua examine why Bradley mul 
Lovejoy** efforts came to a standstill where others succeeded* 

First of till, the coat of power at Niagara Falls is three to five times 
higher t!itm in Norwayj find although at the time this wns not strictly 
prohibitive for the manufacture of nitric acid, it was entirely beyond 
hope for the prodne than of fertilizers. The relatively high coat ol 
power in our country is the msoti why the oyanamide enterprise hud 
lu locate on the Canadian side uf Niagara Falls, and why* up till now, 
outside of an experimental plant hi the South (a 4,000 horsepower 
installutioi! in North Carolina, using the Pauling process), the whole 
United States has not a single synthetic nitrogen fertiliser works. 

The yields of the Bnuliey-Lovejoy apparatus were rather good. 
They succeeded in converting as much as 2J per cent of the air, w hich 
is somewhat better than their successors are able to accomplish. 

But their invite, 12 kilo watte, were very much smaller Lhaii the 
1 P OOU to 3,000 kilowatts now used in Norway; they were also more 
delicate to handle* alt of which made installation and operation 
considerably more expensive. 

However, this wm the miUiml phase through which any pioneer 
industrial development has to.go* and it is more than prubahhi that 
in the natural order of evente thrau iinperfeitipnB would have been 
elimiiiatodp 

But the killing ritmko came when financial mippurt was suddenly 
withdrawn. 

lu the successful solution of similar industrial problems the origi¬ 
nators in Europe wore not only hacked by scientifically u ell-ndvised 
bankers, but they were helped to tho rapid solution uf all the side 
problems by a group uf - ptN i jlII v -elected scientific collaborators tis 
well as by ail the resourcefulness of w oiliestJiblisltcd chemical 
enterprises. 

That such conditions are possible m tho United States boa ham 
demonstt aled by the splendid Loam w ork which led to the develop- 
rnent uf the modem tungsten lump in the research laboratories of the 
General Electric Co. ? and to the development of Lhe Tesla polyphase 
motor by tho group uf engineers of the Wustinghumso Vo. 

Tnus r there are cndlosa subjects uf research and development w hich 
can be brought to success by the effort* uf akiglu indopendmit inven¬ 
ts but there are none problems uf applied science w hich are so v^t 
so much surrounded with ramifying difficulty that no one umn nui 
two men, how ever exceptional, tail either furnish the braiiLs or tl- 
money nraamry for leading to hucc^s witliin a re^onahU time. 
For such special problems the rapid cooperation of miiut^us t .rnJ' 
and the financial ramire*i of large c*t*bli*lmu*ita are iml^pmisISj * 
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All these examples of the struggle fi>r efficiency and improvement 
demonstrate why, in industrial chemistry, the question of dollars and 
cents has to he token very nineh into consideruiiotL 

From this HtandpuijLt, at least, the “dollars and <3enta ,p argument 
can be interpreted as a symptom of industrial efficiency, and thus the 
itefuut.itui sounds nu longer as a reproach. With some allowable 
degree of accuracy, it formulates dud of the economic aspects of any 
acceptable industrial chemical proceed 

Indeed, barring special conditions—os F fur instance, incompetent or 
reckless management, unfair competition, monopolise, or other 
artificial privilege—the money success of a chemical process is the 
cash plebiscite ef approval of the consumers. It Ls bound, after a 
time at least, to weed out the inefficient methods. 

Sumo chemists who have little or no experience with industrial 
enterprises, are too much over inclined to judge a chemical pm'&w 
exclusively from the slaildjiomt of the chemical reactions involved 
therein, without Fuiffieieut regard to engineering difficulties, financial 
requirements, labor problems, market and trade condition*, rapid 
development of the art involving frequent disturbing improvements 
in methods and expensive changes in equipment, advantage or 
disadvantage* of the location of the plant, and oilier conditions ho 
numerous and variable that many of them can hardly ho foreseen 
even by men of experience. 

And yet these seemingly secondary considerations most of the 
time become the deciding factor of success or failure of an otherwise 
welI -ct j 11 1 'ci ved cl iom.it ul j *rt wce^s* 

The cost of transportation ah are frequently will decide whether a 
certain diemirnl proem is economically possible or not. For 
instance, the big Washoe Smelter, in Mon tan a, wastes enough 
sulphur dioxide gas to make daily 1.S0IJ tons of sulphuric acid, but 
that smelter h too far distant from any possible market fur such a 
quantity id otherwise valuable material. 

Another example of the kind b* found in the natural deposits of 
soda or soda lukits in California. (hie of thremsoda Jakes contains from 
30,000^000 tu 42,000,000 tuns of soda. Ilcro is a natural source of 
supply which would be ample U> satisfy the world's demand for rainy 
years te romo. Similar deposits exist in other pacts of the world, but 
the cost of transportation to a sufficiently largo and prufitable market 
is so exorbitant that, in the meantime, it is cheaper to erect at more 
convenient points expensive chemical works in which soda k made 
chemically and from where the market can bo supplied more profitably. 
In addition, we cun cite the artificial nitrate proctesm in Norway, 
which, notwithstanding their low efficiency and expensive in-Htallu- 
tiou n can furnish nitrate in curaputiriou with the natural nitrate Iwds 
of Chile, because the latter are hampered by the cost of extraction 
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{torn the soil where fuel for cry^iidlixntion is oxpensjw, in addition to 
the considerable cost of freight. 

But there Is no bolter example illustratjug the far-reaching effect 
of seemingly secondary conditions upon the success of a chemical 
prueess than the history of the Leblanc soda proved. 

This famous process was the forerunner of chemical industry. 
For almost a century it dominated the enormous group of industry's 
of heavy itfiemiouH ho expressively called by the French M La Grande 
Industrie Chimique P M and now we are witnesses of the lingering death 
agorm-s of this chemical colossus Through Lhe I^eblanc process 
large fortunes have beau made and lost; but nvun idiot its death it 
will leave a treasure of information to science and chemical ougin eeriug 
the value of which can hardly be overestimated. 

Here then is a very well worked-cm t, process, admirably studied in 
all its details, which in its heroic struggle for existence has drawn 
upon every conceivable resource of ingenuity furnished by the meal 
learned chemists and the most skillful engineers, who succeeded in 
bringing it to an extraordinary degree of parfaction, and which, never- 
theirs, Iijlh to succumb before inoxombk although sreruingly sec¬ 
ondary conditions. 

Strange lo say ils competitor the Solyay process, entered into the 
arena after n succession of failures. When Solvay, oh a young man, 
took up this process, he was himself totally ignorant of the fact that 
uu less than about a doma able chciuisls bail invented and reinvented 
the very reaction on which hq had pinned Iilh faith; that, furthermore, 
some had tried it on a commercial scale, and had in every instance 
encountered failure. At that time all this must undoubtedly have 
been Lo young Sohray a revelation sufficient lo dishearten almost 
anybody. But ho hud one predominant thought to which he clung 
os a lust hope of success, nnd which would probably have escaped 
most chemists; ho reasoned that in this process he starts from two 
watery solutions which, when brought together, precipitate a dry 
product i bicarbonate of soda ; in the Leblanc process the raw materials 
must bin melted together with the use of flxpecwivo fuel, after which 
the mus-s U dbwolvrd in water, losing all these valuable boat units:, 
while more heat him again to he applied to evaporate to dryness. 

After all, nn^t of t he weakness of the Leblanc process resides in the 
greater consumption of fuel. But the oust of fuel, here again, b 
determined by freight rates. This is so true that we find that lhe 
last few- Leblanc works which manage Lo keep alive are exactly those 
which are situated near unusually favorable shipping points where 
they can obtain cheap fuel, us w ell as aheap raw materials, and whence 
they con moat udvaniagwusly reach certain profitable markets 

Bid another tremendous handicap of the I-ablimc process is that 
it gives ns one of Its by-produela hydrochloric acid. Profitable uL 
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for tliia acid, as such. ran bo found only to a limited extent, II is 
true that hydrochloric arid could be used in much larger quantities for 
many purposes whore sulphuric acid is now used, but it has, against 
sulphuric acid, a groat freight disadvantage. In its commercially 
available condition it is on aqueous solution, containing only about 
ono-third of juju! arid, so that the transport afinn of I ion of acid 
practically involves the extra cost of freight of about 2 tons of water. 
Furthermore, the transportation of hydrochloric acid in anything 
but glass carboy* involves very difficult problems in itself, so that 
the market for hydrodilorie add remains always within a relatively 
small Mono from its point of production. However, for a while at 
least,, un outlet for this hydrochloric acid wits found by con verting 
it into a dry material which can easily ho trons]Kirted, namely, 
chloride of lima or bleaching jiowdcr. 

The amount of bloacldng powder consumed in the world prac¬ 
tically dietated tho limited extent to which Lho LoblunC process could 
be profitably worked in competition with Lhe Solvay process. But 
even this outlet lots boon blocked during these later years by the 
advent «jf the (doctrolytb alkali pro ceases, which have sprung up 
puccftirtfully in several countries, and which give as n cheap by¬ 
product chlorine, which is directly converted into chloride of lime. 

To-day any process which involves the production of largo quan¬ 
tities of hydrochloric arid, beyond what the market can absorb us 
such, or nst derivatives thereof, becomes a positive detriment, and 
foretell* failure of the process. Even if we could afford to lose all 
the acid, the disposal of large quantities thereof conflicts immediately 
with laws and ordinances relative to the pollution of the atmosphere 
or streams, or the lights of ncighl>ora F and occasions expensive 
damage suits. 

Whatever is said about hydrochloric acid Applies to sume extent 
to cldoriue, produced in the electrolytic manufacture of caustic soda. 
Hera again the development of the bitter industry is limited, primarily 
by the amount of chlorine which the market, os such, or as chlorinated 
products, can absorb. 

At any rate, chlorine can bo produced so much cheaper by electro¬ 
lytic caustic alkali processes than formerly, and in tin* meantime 
tho market price of chloride uf time Jins already been cut about in 
half. 

In as far as the rather young electrolytic alkali industry has taken 
a considerable development in lho United States, let us examine it 
somewhat nearer. 

At present, the world's production of chloride of lime approx¬ 
imates about half a million tons. 

We used tu import all our riilni'ido uf lime from Europe until 
about 15 years ago, when the first successful electrolytic alkali works 
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were sturt^ I iU Niagara Falls. That ingenious mercury coll of 
]Inmiltnu V. Castuar—a pupil of Prof* Chaodior am I one of th& 
iltnft ljiMis sons of the Columbia School of Mines—was first used* 
and bis process atdl furnishes a largo part of all ihn electrolytic 
caustic soda ami chlorine manufactured hero and abroad. 

At present about 30,000 electrical horsepower are employed uttm- 
toiruplrdly for the different processes used in the United States, 
and our homo production has increased to the point where p instead 
of importing chloride of lime, we shall tfoon bo compelled to export 
unr surplus production* 

it looks now els if, for the moment at least, any sudden considerable 
increase in the production of chloride of lime would lend to over¬ 
production until new channels of consumption of chloride of lime or 
other cldorino product# ran be found. 

However, new uses for chlorine are being found every day. Tho 
yerv fact that com monrial hydrochloric acid of exceptional purity is 
jiuw being manufactured in Niagara Falls by starting from chlorine 
indicates dearly that conditiona are being reversed; no longer than a 
few years ago, when chlorine was manufactored exclusively by means 
of hydrocJiloric acid, this would have mounded like a paradox. 

The consumption of chlorine for tho preparation of organic chlori- 
nation products utilized in the dye-stuff industry is also Increasing 
continually* and its use for the manufacture of reLraoliluildu of carbon 
and so-called nceUUui chlorination products, has reached quite some 
importance. 

Them is probably a much overlooked hut wider opening for chlo¬ 
rinated solvents in the fart that othvleri gas can be prepared now at 
coru/dorubly lower cost than acotvlen, mat that othylon chloride, or 
tho old known ^ Dutch Liquid/' ls an unusually good solvent. It, has, 
furthermore, the great advantage that its specific gravity is not too 
high, and its boiling point, too, 1b about the right temperature. It 
ought to be possible to make it at such a low price that it would find 
endless applications where the use of other chlorination solvents hua 
thus far been impossible* 

The chlorination of ores for certain metallurgical processes may 
ovontuJilly open a still larger field of consumption for chlorine. 

In the meantime liquefied chlorine gas, obtained by great compres¬ 
sion, or liy intense refrigeration h has become an important article of 
commerce, which can las transportod in strong hL ecl cylinders, Its 
main utilisation reside in the manufacture of tin chloride by the 
Goldschmidt process fur reclaiming tin scrap* It is finding also in- 
crewed applications as a bleaching agent and for the purijEnatjun of 
drinking water, els well as for the manufacture of various chlurima ion 

products* 
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Its great handicap for rapid introduction is n^uin the question of 
freight, whore heavy and expensive containers become indispensable. 

In meet eases t he transportation problem of chlorine is solved more 
economically by handling it as chloride of lime, which, after all# repre¬ 
sents chlorine nr oxygen in solid form, easily tranaportuhin. 

It would Krem as jf the freight, difficulty could easily he eliminated 
by producing the oh lor inn right at the spot of consumption. But. tins 
ts not always so simple as it may appear. To begin with, the cost of 
an efficient plant, for any electrolytic opernt ion is always unusually 
high as compared to other chemical equipments. Then, nbo, small 
electrolytic alkali plants are not profitable to operate. Furthermore, 
the conditions for producing cheap chlorine depend on many different 
factors, which all have to coordinate advantageously; for instance, 
cheap |iower, cheap fuel, and cheap raw materials are + -entliil, while, 
at the same time, a profitable outlet must he found for the caustic 
soda. 

Ijifoly t here has been a considerable reduction nf the market [nice 
of caustic soda; all this may have for effect that the loss efficient 
electrolytic processes will gradually ho eliminated, alt hough this may 
not necessarily be the case for smaller plants which do not compete 
in the open market, but consume their own output for some special 
purpose. 

Several distinct types of elect roly ticrolls are now in successful uso p 
but exfwrionce seems to demonstrate that the so-c-allni diaphragm 
cell- are cheapest to construct and to operate, provided, however, no 
exception be taken to the fact that the caustic sod* obtained from 
diaphragm cells always contains some sodium chloride, usual I v vary¬ 
ing from 2 to '{ per cent, winch it is not practical to eliminate, but 
which for almost ail purposes does not interfere in the least, wit h its 
commercial use. 

Mercury cells give a much purer caustic soda, and this may, in Rome 
coses, compensate for their more expensive equipment and opera Lion, 
Moreover, there are some purposes where the initial caustic solution 
of rather high concent rid ion, produced directly in thesa cells, can be 
used a* it is without further treatment, thus obviating further con¬ 
centration and cost of fuel. 

The expenses for evaporation and elimination of salt from the raw 
caustic solutions increase to an exsiggerated extent with some types 
of diaphragm cells, which produce only very weak caustic liquors. 
This is abo the case with the so-called "gravity cell, r sometimes 
cidlcd the “bell type/ T or " Aussig type," of cell But these gravity 
cells have the merit of dispensing with the delicate and expensive 
problem of diaphragms. On the other hand, their units are very 
am id I ? nod on this account they necessitate a rather complicated in- 
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at&llatitm, occupying an unusually largo floor spacn and expensive 
buildings * 

The general tendency is now toward cdls which can bo mod in very 
large units, which can Ik* housed economically r and of which, tho gen¬ 
eral coat of maintenance and renewal is small; some of the modern 
types of diaphragm cell* are new successfully operating with 3,000 
to 5,000 amperes per cell. 

As to tho possible future improvements in electrolytic alkali cells, 
wo should mention that in some types the current, efficiencies have 
practically readied their maximum, mid average ampere efficiencies 
as high as U5 to P7 per cent have been obtained in continuous practice. 
The main difficulty is to reinforce these favorable results by the use 
of lower voltage without making tho units unnecessarily bulky or 
expansive in construction or In maintenance, all factors which soon 
outweigh any intended saving of electric current. 

Here, more than in any other branch of chemical engineering, it is 
easy enough to determine how “good " a cell is on a limited trial, but 
it takes expensive, long-continuous nee on a full commercial >cale T 
running uninterniptvdlv day ami night, for years, tu liml out how 
“had' 1 it. is for real commercial practice. 

In relation to the tdcctrolvtic alkali industry a great mistake is 
frequently committed by considering the question of power as para¬ 
mount; true enough, cheap power is very important, almost essen¬ 
tial* but certainly it is not everything. There have been cases where 
ii was found much cheaper in the end to pay almost double for electric 
current in a certain locality than in another site not far distant from 
the first, for the simple reason that the cheaper power supply was 
hampered by frequent interruptions and expensive disturbances* 
which inert 1 ' than offset any possible saving in cost of power. 

fu further corroboration f it is well known liuU some of the most 
successful electrolytic soda manufacturer have found it to their ad¬ 
vantage to sacrifice power by re lining their cells at decidedly higher 
voltage than is strictly necessary which simply means consuming 
more power and this in order to he able to use higher current densi¬ 
ties, thereby increasing considerably the output of the same size units, 
and thus economizing on the general cost of plant operation. Here 
is one of the ever-recurring instances hi chemical manufacturing where 
it becomes more advantageous to sacritke apparent theoretical effi¬ 
ciency In favor of industrial expediency. 

All this docs not diminish the fact, that the larger electrochemical 
industries can only thrive where cheap power is available. 

Modern progress of electrical engineering has given us the means to 
utilize 50-caIkd natairel powers; an til now, however, we have nnlv 
availed ourselves of the water power developed from rivers lakes 
and waterfalls. -Vs far as large electric power generation is concerned 
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the use of the wind, or the tide, or the bent of the sun, represents, up 
till now, nothing much beyond n mem hope of future possibilities. 

In the in emit iim< it so happens, unfortunately, that many of the 
most abundant water powers of the world are situated in places of 
difficult access, far removed from the zone of possible! utilization, 
But, precisely on this account, it won LI appear, at first sight, as if 
the United States, with some of her big water powers situated nearer 
to active centers of consumption, would be in an exceptionally favor- 
able conditurn for the devdopracut of electroehcimicnl industries. On 
closer examination we find, however, that the cost of water power, as 
sold to manufacturers, is in general much higher than might be ex¬ 
pected; at any rate, it is considerably mure expensive than the cost 
id electric power utilized in the Norway nitrate enterprises. 

This is principally due to the fact that in the United States water 
power, before it b utilized by the electrolytic manufacturer, has 
already to pay one, two, and sometimes three profits to as many inter¬ 
mediate interests, which ad as so many middlemen between the 
original water power and the consumer. Only in such instances as 
in Norway, where the electrochemical enterprise; and the develop¬ 
ment of t he water power are practically in the same hands, can electric 
current be calcu la ted at its real cheapest oust. 

Neither should the fact bo overlooked that the best of uur water 
powers in the East are situated rather far inland. Although this 
doe:- not matter much for the home market, it puts us at a decided 
disadvantage for the exportation of manufactured goods, in compari¬ 
son again with Norway, where the electrolytic plants arc situated 
quite close to a good sea harbor open in all seasons. 

Some electrochemical enterprises require cheap fuel just as much 
as cheap power, and on this account it has proved sometimes more 
advantageous to dispense entirely with water power by generating 
gas for fuel as well as for power from cheap coal or still cheaper jwjit. 

At present most of our ways of using coal are still cumbersome and 
wasteful, although several efficient methods have I wen developed 
which some day will probably be used almost exclusively, princiapllv 
in such pim es where lower grades of cheap cool are obtainable. 

f refer here particularly to the valuable pioneer work of tjmt great 
industrial chemist, Mond, on cheap water-gas production, by liio use 
of a limited amount of air in conjunction with water vapor. 

More recently this process has been extended by t'nro, Frank, and 
others to the direct convention of undried peat into fuel gas. 

By the use of these processes peat or lower grades of coal, I otally 
unsuitable for other purposes, containing, in some instances, as much 
tiQ to 70 per cent of incombustible constituents, can be used to 
good advantage in the production of fuel for power generation. 
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Whether Mond gas will ever be found advantageous for 
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cubic foot is ra< her loss 1 han that of ordinary * alir gw, 
not inliwfero with its ellieimt mo in ioli'mid-. umbustion 
Tn g^neraJ, our methods for producing or utdmng g» » <*f 
do smut justice to the extended opportunitiesindicated by our n<^tr 

k tb'od fuel fills could 1»0 muOTtfiwtuwd and distributed to the mdi- 
M Lo JL>W consumer i e...»idem l .ly 

not for antiquated m „n,eir»Upmlle.t.on f . 
phoununtrio te.Utin.tend ofin.irtingon .UndnH) of<«.' 
limkes tile coat of production iirroecofisanly high, ami discards ■ 
1st lor lighting the Wefebftch mantle has rendered obsolete jj« 
ust' >f highly carbureted gas ns » bat® llamo- Bui for those unfor u- 
M!l , t . spoliations, cheap fuel gas might be produced at some iidvmi- 
tageoua central point, where very cheap coal is available , amh In 
ine gaa could be distributed to every hou*e anti every- factory whore 
it could be used cleanly and advantageously like natural gas, doing 
awfiv H , once with the black coal smoko nuisance, which now pr«e- 
ticuitv coropds a city like New York to use nothing but the more 
™n 3 ivo grades of anthracite coal. It would eliminate at tfao same 
i lino all tli* bother and ^|»oso caused through the chinny am ex- 
pensive methods of transportation and handling of coal and ash's; 
j t wm ,i,i relievo us from many unnecessary middlemen which now 
exist between coal and its final consumer. 

Tim newer large-sized internal-combustion engines are introducing 
increasing opportunities for new centers of power production where 
wmsIc gas of blast-furnaces or coke-ovens, or where deposits of 

inferior coal or peat are available. _ 

If .nch centers are situated near tide water this may render (hem 
slid more advantageous fur some electrochemical industries, winch, 
unlit now, were compels to locate near some inland water powers. 

X,.r should wo overlook the Tact thaL the newer methods for the 
production of cheap fuel gas offer excellent opportunities for an in¬ 
creased production of valuable tar by-products, and more parlicu- 
lurly of ammonium sails; the latter would help to a not inconsiderable 
extent in furnishing more nitrogen fertilizer. 

It is somewhat remarkable that a greater effort has already been 
made to start the industrial synthesis of nitrogen products than to 
economize all these hitherto wasted sources of ammonia. 

In fart, science indicates still other ways, somewhat of a more 
radical nature, for correcting the nitrogen deficiencies in relation 
to onr food supply. 

Indeed, if wo will look at this matter from a much broader stand¬ 
point we may find that, after all, the shortage n{ nitrogen in the 
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world is attributable to u Large extent to our rather one-sided system 
of agriculture. We do not sufficiently take advantage of tho fact 
that certain plants, for instance those of the group of Lcgumiiuiira, 
have the valuable property of easily tu^imHaling nitrogen from the 
air r without the necessity of nitrogen fertilizers. In this way the 
culture of certain Legiimiiio^ai can insure enough nitrogen for the 
soil, so that* in rotation with nitrogen-consiimLng crops, like wheat, 
we could dispense with the necessity of supplying any artificial 
nitrogen fertilizers. 

The present nitrogen deficiency is influenced further by two other 
causes: 

The first cause b our unnecessary exaggerated meat, diet, in which 
we try to find our protoid requirements, and which compels us to 
raise so many cat-tie, while the amount of land winch feeds one head 
of cattle could Furnish, if properly cultivated, abundant vegetable 
food for a family of Jive. 

The second cause is our insufficient knowledge of the way to grow 
and prepare for human food Just those vegetables which are richest 
in ppoteids* Unfortunately P it so happens that exactly such plants 
as* for instance, the soy bean am not by any means easily rendered 
palatable and digestible; while any savage can eat raw moat, or can 
readily cook, bod, or roast it for consumption. 

On this subject we eoti learn much from some Eastern people, like 
tin; Japanese, who have become exports in the sirt. of preparing a 
variety of agree able food products from that refractory soy bean, 
which contains such an astonishingly large amount of nutritious 
proteids, and which, long ago, became for Japan a wholesome, staple 
article of diet. 

lint on l his subject tho Western races have not yet progressed 
much beyond the point of preparing cattle feet! and paint oil from 
the soy lHum, although the more extended culture of this or similar 
plants might work about a revolution ii, mir agricultural economics. 

Agriculture, after all, is nothing but a very important branch of 
industrial chemistry, although most people seem to ignore the fact 
that the whole prosperity of agriculture is based on the success of 
that photochemical reaction which, under tho influence of the light 
of the sun, causes the carbon dioxide of the air to be assimilated by 
the cldorophyl of the plant. 

It is not- im|x>i^iblo t-but photochemistry, which hitherto hna buried 
itself fdmosK exclusively wU-liin the narrow limits of the art of making 
photographic images, will some day attain a development of u*o- 
fulness at least as import ant as all other branches of physical chem¬ 
ist rj\ In this broader acme photochemistry sect as an inviting 
subject for the agricultural chemist. The possible rewords in atore 
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in this almost virgin Isold may in their turn by that effect, of supe_r- 
induction between industry and science, bring about n rapid develop¬ 
ment similar to what we have witnessed in the advancement of 
dec tried y T as w ell as chemistry, which bo th began to progress by 
bounds and leaps, way ahead of other sciences* as soon as their 
growing industrial applications put a high premium on further 
research. 

Photochemistry may allow ua some day t-o obtain chemical effects 
hitherto undreamed of. In general die action uf light in chemical 
reactions seems incomparably less brutal than all means used hereto¬ 
fore in chemistry. This is the probable secret of the subtle chemical 
syntheses which happen in plant life. To try to duplicate those 
delicate reactions of nature 1>y our present methods of high tempera¬ 
tures, electrolysis, strong chemicals, and other similar torture pnv 
cesses, seems like trying to imitate a masterpiece of Gounod by 
axploding a dynamite cartridge between the strings of a piano. 

But there are endless other directions for scientific research relat¬ 
ing to industrial applications which until now do not seem to have 
received sufficient attent ion. 

For instance, from a chemical standpoint, the richest chemical 
enterprise of the United States, the petroleum industry, has hitherto 
chiefly busied itself with a rather primitive treatment of this valuable 
raw material, and little or no at tention has been paid to any methods 
for transforming at least a part of these hydrocarbons into more 
ennobled products of commerce than, mere fuel or ill urn maul el 

A hint as to the enormous possibilities which may l>c in store in 
that direction is suggested by the recent work in Germany and Eng¬ 
land on synthetic rubber; the only factor which prevents extending 
the laboratory synthesis of rubber into an immense industrial under¬ 
taking b that we have not yet learned how to make cheaply the 
isopreiisi or other similar nonsatunited hydrocarbons which arc the 
starling point in the process which change# their molecules by 
polymerisation into rubber. 

Nor hitfi our science begun to find the best men for such inexpensive 
and never exhaustible vegetable products as cellulose or starch. 
Quite true, several important manufactures, like that of puper^ 
nitriH?ellulo8C t ghicose, alcohol, vinegar, and some others, have i J1T ii 
built on it ; but to the chemist at least it seems a# if a much greater 
development is possible in the cheaper anti more extended produc¬ 
tion of artificial fiber. Although we have succeeded in making; 
so-called artificial silk, this article h still very expensive; furthermore 
we have not yet produced a cheap, good, artificial fiber of the quality 
of wool. 

If we have made oumelves independent of Chile for our nitrogen 
supply, WO ore still absolutely at the mercy of the Stassfurt mini* in 
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Germany for our requirements of soluble potash salts, which are just 
na necessary for agriculture* Sind I wo succeed in utilizing some of the 
proposed methods for converting that abundant supply of foldspttr, 
or other Insoluble potash-bearing rocks, into soluble potash salts by 
combining the expensive heat treatment with the production of 
another material, like cement, which would render the cost of fuel 
less exorbitant 1 Or shall the problem he solved in setting free 
soluble potassium Kalla as a by-product in a reaction engendering 
other staple product® consumed in large quantities? 

We have several mt&wshmglj conflicting theories about the con¬ 
stitution of the center of the globe* but we have not yet developed 
the means to penetrate the world’s crust beyond sumo deep mines— 
merely an imperceptible faint scratch on the surface—and in the 
meantime we keep on guessing, while to-day astronomers know 
already more about the surface of the planet, liars than we know 
about Lbo interior of the globe on which we lire. 

Nor hare we learned to develop or utilise the tremendous pressures 
under which most minerals have been formed, mid still less do we 
possess the means to try these pressures, in conjunction with in¬ 
tensely high temperatures. 

No end of work is in store for the research chemist, as well as for 
the chemical engineer, who can think by himself, without always 
following the beaten track. Wo are only at the beginning of our 
successes: and yet, when we stop to look back to see what has been 
accomplished during the last generations, that big jump from the 
rule of thumb to applied science is nothing short, of marvelous 
Whoever is acquainted with the condition of human thought 
to-day mm t find it strange, after all, that scarcely 70 years ago 
Mayor mot with derision even among the scientists of the time when 
he announced to the world that simple but fundamental principle of 
the conservation of energy* 

We can hardly conceive that just about the time tjiu Columbia 
School of Mines was founded Liebig was still ridiculing Pasteur's ideas 
on the intervention of microorganisms in fermentation, which have 
proved so fecund in the most epoch-making applications in science, 
medicine, surgery, and sanitation, as well as In many industries. 
Fortunately, true science, contrary to other human avocations, 
xeoogni&es nobody as an “authority/* and is willing to change her 
beliefs as often as better studied facts warrant it. This difference has 
been the most vital cause of her never ccoring progress. 

To the younger gone ration, surrounded with research laboratories 
everywhere, it may cause astonishment to learn that scarcely 5(1 
years ago that, great benefactor of humanity, Pasteur, was stOl 
repeat ing his pathetic pleadings with the French Government to give 
him more suitable quarters than a damp, poorly lighted basement, 
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in whirii ho was compelled to carry on his research: and this was 
thou the condition of affairs of no loss a place tlmn Paris, the same 
Paris that was spending, just at that time, endless* millions for tho 
building of her new Ojujra Palace. 

Such facts should not b« overlooked by those who might think that 
America him l»cn too slow iu fostering chemical research. 

If the United States has not participated as early os some European 
countries in the development uf industrial chemistry, this was chiefly 
liccaiisu conditions here were so totally different from liiuso of nations 
like tier in any, England, and France that they did not warrant any 
such premature efforts* 

In a country so full of primary resources, agriculture, forests* 
mi lies, and the more elementary industries directly connected there* 
with, ilh well ns tho problems of transportation, appealed more 
urgently to American intellectual men of enterprise. 

Why should anybody here have tried to introduce new, difficult, 
or risky chemical industries when on every side more urgently im¬ 
portant fields of enterprise were inviting all men of initiative I 
Chemical industries develop along tho lines furnished by the most 
immediate needs uf a country. Our sulphuric wild industry, which 
can hoast to-day of a yearly production of about 3,000,000 tons, had 
to begin in an exceedingly humble way, and the first small amounts 
of sulphuric acid manufactured here found a very scant outlet. 

It required the growth of such fields of application as petroleum 
refining, superphosphates, explosives, and others, before the sulphuric 
acid industry could grew to what it U to-day. 

At present, similar influences are still dominating our chemical 
industries; they are generally directed to the mass production of 
partly manufactured articles. This allows us to export, at present, 
t<> Germany, chemicals iu crude form, but iu greater value than the 
tot.nl sum uf all the chemical products wo arc importing from her; 
although it can not 1* denied that a considerable part of our imports 
are products like album no, indigo, aniline dyes, ami similar synthetic 
products which require liigher chemical manufacturing skill. 

In titiu connection it may he pointed out tliat our exports of 
oleomargarine to Germany clone are about equivalent to ou r imports 
of aniline dyes. 

But all tliiii does not alter the foci. that, in several import ant chemical 
industries the United States lias been a pioneer. Such flourishing 
enterprises as that uf the artificial abrasives, carborundum ami 
nlimdum, calcium carbide, aluminum, and many others, tcsMfv 
how soon wo have learned to avail ourselves of Home of our water 
power. 

One of the most import ant chemical industries of the world, the 
sulphite cellulose industry, of which Lhc total annual production 
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amounts to 3,500,000 torn, was originated and developed by a 
chemist in Philadelphia, B. 0. Tilgman, But its further develop¬ 
ment was stopped for a while on account of the sumo old trouble, 
lack of funds, after SiG><X)0 were spent, until some years later it was 
taken up again in Europe and reintroduced in the United States, 
where it has developed to an annual production of over I,GGO,OGO tuns. 

What lias been accomplished in Am erica in chemical enterprises* 
mid what ig going on now in industrial research, has been brilliantly 
set forth by Mr. Arthur D. Little, * 1 

Nor at. any time in the history of the United States was chemistry 
neglected in this country; this has recently been brought to light in 
tint most conviiiriiig maimer by Prof. Edgar F. Smith, of Philad elphia, 3 

The altruistic ferv or of that little group of earlier American chem¬ 
ists who, in 1732, founded the Chemical Society of Philadelphia 
(probably the very first chemical society in the world) r and in 1811 
the Columbia Chemical Society of Philadelphia, is best illustrated by 
an extract of one of the addresses read at their meeting in 1708: 

Thu only true tarip on which th« mdepCBdeiice of our country «ui re»I ho agri¬ 
culture and nmimtnctuim, To tbo promotion of these nothing tend* in a higher 
dcgrei: than cliombtry. it is lM» w-wura which touches man how to correct the 
bocj qua lilies Ilf the land ho cultivates by iL proper apphffttlijn of the YttrioiLe KjHNritH 

of luanufo, and It h by main of a knewtodgie of Lhw cdiiipo that ho hi Giabkil lo 
piiFtio tin’ met a i* through tht> various forms they put on In ihi? earth, rop&nito them 
tram mibpUUiccff which Header them nod at length man utiir Lure them into 

the vflrinun furnw for use and ornament in which we &ee Lhom. If aucli tfo \ b#effecto 
of chillis iry* how much eJiould the wuh for in promotion be excited lit ihu bmiK of 
every American! It is to a general dlfliialun ol knowledge csf this rcietfcrc, next to the 
virtue of ouroauntrymen, that we are to t*>k for the firm entobUdhnMfit of our inde¬ 
pendence. And may ymtr god«vurp T gcnih'iiieu, in thk caum\ entitle yon to the 
gratitude of your fellow cltfaen*. 

This early scientific spirit, lias been kept alive throughout the fol¬ 
lowing century by such American chemists as Hubert Hare, E« N* 
llorafurd, Wolcott Gibbs, Starry Hunt* Lawrence Smith, Carey Lea, 
Jofibih P. Cooke, John \\\ Draper, Willard Gibbs, and many others 
still living. 

Present conditions in America can be measured by tbe fact that the 
American Chemical Society alone hm over 7,000 members, and the 
Chemists* Club of New York has more than 1,000 members, without 
coimting the more specialized chemical organizations, equally active, 
like the American Institute of Chemical Engineers, the American 
Eleetrorhendcal Society and many u there. 

During the later years chemical research is going on with increasing 
vigor, more especially in relation to chemical problems presented by 
enterprises winch at first sight seem rather remote from the so-called 
chemical industry. 


! at I Ail. uiil Q vtL S, No. Ki. Ortabar, laU r 

1 CtwbSalJj in Anm^ publiahcJ fey D, A^ik-taii A C*, New Ymk *ad Lftoduii, I9UL 
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Hut th* most st liking symptom of newer times is that sumo wealthj 
nun of America are rivaling each other in the endowment of scientific 
research on a scale never undertaken before, and that tho orient ilia 
departments of our GuTumment are enlarging their scope of usefulness 
at a rap it! rate. 

But we are merely at the threshold of that new era where we shall 
learn better to use exact knowledge and efficiency ux bring greater 
happiness and broader opportunities to all. 

However imposing may appear the institutions Founded by the 
NoboK the Solvays, the Mondap the ( tmu ^iew, the Rockefellers and 
others, each of them is only a puny effort to what k hound to come 
wheel govemmrnU will do their full share. Fancy t hat. if i fur Jus lance 
the Rockefeller Institute k spending to good advantage about half a 
million dollars per annum for medical research, the chowlng-giim bill 
of tho United States alone would easily support half a dozen Rocke¬ 
feller Institutes; and what a mere insignificant Utile trickle nil ihrsy 
research funds Amount, to if wc have the courage to compare them to 
that powerful gashing stream of money w hich yearly drains the war 
budget of all nations. 

In the meantime the man of science is patient mid continues his 
work steadily* if somewhat slowly, with the means hitherto at his 
disposal, Ilk patience k inspired by the thought that ho k nut 
working for to-day, but for tu-momiw, He k well aware that tie k 
still surrounded by too many i{ mea of yesterday/ 11 who delay the 
restdts of his work. 

Sometimes, however, he may feel discouraged that the very 
efficiency helms succeeded in reaching nl the cost of so many pains¬ 
taking efforts, in the economical production of such an article of 
endlessly possible uses us Portland cement, k hopelessly l.^t many 
times over and over again by the inefficiency, waste, and graft of 
inkldlcjoen and pel itic al contractors, by the time it gets on our public 
roads, or in our public buddings* Sometimes the diaew of ignorant 
brutal waste which surrounds him everywhere mny try Ms patience. 
Then, again, he has a vision that he k planting n tree wliicli will 
blossom for Iik children and will bear fruit for Ids grandchildren. 

In the meantime, industrial chemistry, like alt other applications 
of science, has gradually called into the world an increasing number 
of men of newer tendencies, men who bear in mind the future rather 
than tho past, who have acquired tho habit of lldiiking by well- 
cstublUhed facts, instead uf bywords, of aiming at efficiency instead 
of striking haphazard At ill-defined purposes. Our various cmqnm- 
jng schools, our universdiies ? are turning them out in everdiicreasiinr 

numbers. and bflttCT and butter prepared for their u-,.hL- ti - ^ 

tmnieg h» «W them out to hoootoo th. bJJS3 

prognjssive citizens- 
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However, their sphere of action, until now, seldom goes beyond 
that of private teoluucal enterprises for private gain. And yet, there 
j_s not * chemist, net an engineer, worthy of the name, who would not 
prefer efficient, honorahb public service, freed from party politics, to 
a mere money-making job. 

But most Governments of the world lmve hem rim for so long 
almost exclusively by lawyer politicians, that we have come to con¬ 
sider this as an unavoidable evil, until sometimes a large experuuent 
of government by engineers, like the Panama Canal, opens our eyes 
to the fact that, after all, successful government is- first and bust— 
a matter of efficiency, according to the principles of applied science. 

Was it not one of our very earliest American chemists, Benjamin 
Thompson, of Massachusetts, later knighted in Europe as fount 
Rum ford, who put in shape the rather entangled ad nunist ration of 
Bavaria hv introducing scientific methods of government. I 

Pasteur was right when one day, exasperated by the politicians 
vho were running liis beloved Kruni'O to ruin, he exclaimed; 

In Uiir c notary, w ii-are w thn eoul of the puMpt-riiy t-f nation* and ths living wmn 
til ill orogriM- ’ (Jmloabtedly, iha lirins daily dwru.*ama of poliiku deem lu be oar 
guide. Empty apptartmotw! Wlwl n-jlly Jwuls u* kcwioti are a Uw erifcnufe 
d v^rit** LUl4 liniir appllCttUim. 












EXPLOSIVES. 


By Maj. EuWaUO P, O t HoN t 
Onimnw Ihpantfimt. Umiial Stote* Am?* 

[With 7 plm*j 
IMPORTANCE* 

The importance of the so-called explosives ami the iner cubing 
extent of their ura are evident from the fuel that the production in the 
United Stales for tho year 10UO* as shown by the United States 
Census reports, amounted to the enormous total of approximately 
480,006,000 pounds* this being more than double the production of 
IUU5* and more than three and one-half limes that of 1000. 

The increasing demand has coma, not only from an ever widening 
field of Commercial use, such as for mining, quarrying, tunneling, and 
road building, but from a greatly enlarged field of use for war purposes, 
such as for mines, torpedoes, explosive projectiles, am I propelling 
charges. It is the purpose of the writer to discuss some of the more 
important explosives, their uses, the method of their employment, 
ami the results accomplished. 

GENERAL CHARACTER* 

An explosive is a substance of which the molecules ate made up of a 
number of atoms or units rather loosely hound together in an tmsiable 
condition, ready to seek new and simpler combinations upon the 
furnishing of a sufficient motive force to start the operation. This is 
usually supplied through a primer ignited by a slow-burning fuse, or 
by a wire heated by an electric current. When started, the heat and 
shock developed will cause & continuation of the action throughout 
the mass of the explosive. The enormous power that can thus be 
developed from a comparatively small quantity of material is indi¬ 
cated by the accompanying illustration showing the thousands of 
fragments into which a 12-inch armor-piercing projectile was broken 
by the detonation of a bursting charge of about 5J [>cr cent of its 
weight (pL 1). 

■ TTPES OF EXPLOSIVES. 

For convenience of consideration, explosives may be divided into 
three general classes, viz: 

1. Progressive or propelling explosives (low explosives). 

2. Detonating explosives (high explosives). 

3 + Detonators (fulminates), 

m 
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The iinsi of these includes hjaek gunpowder, smokeless powder, mul 
liltirk blasting powders; the second includes dynamite, nitroglycerin, 
guncotton, most of the 41 permissible explosives," and some bloating 
powders; the third class comprises chiefly fulminates fliul eldor&ti*. 

For all classes the effect of explosion is dependant upon the qtiuu- 
Lity of gas and beat developed per unit of weight and volume of the 
explosive, the rapidity of the reaction, and the character of the con¬ 
finement, if any, given the explosive charge. 

law txjUosiv&t .—The rapidity of reaction varies greatly with 
different explosive substances and with the manner in which the 
explosion is started. For certain explosives, such as smokeless 
powder, the explosion does not differ in principle from the burning of 
u piece of wood or other combustible. The combustion is vary rapid 
but is a surface action proceeding from layer to layer until the gram 
is consumed. Such materials are known ns low or progressive 
explosives, although the total power developed through the com¬ 
bustion of a unit weight may lie very great and would be destructive 
unless properly controlled. 

High — The combustion of another class of materials 

culled high explosives is extremely rapid when suitably inaugurated, 
such action being known as a detonation. 

In these explosives, such as nitroglycerin, guncotton, the picrates, 
etc., the progress of the explosive reaction Ls not by burning from 
layer to layer, as described above, but the breaking up of the initial 
molecules gives rise to an explosive wave which is transmitted with 
great velocity in all directions throughout the mass and causes Itm 
almost instantaneous conversion into gas. The velocity of propaga¬ 
tion of the detonating wave has been determined for some materials 
to he more than 20,00ft feet per second, or, approximately, -{ milea 
per second. A charge 1 foot long would thus lie converter! into gas 
in the very short interval of live one hundred thousandths of a 
second. The progressive emission of gas from a low explosive such 

burning gunpowder produces a pushing effect upon a project ilo 
throughout its movement without necessarily overstraining the gun, 
where ns the sudden conversion of at» equal weight of material into 
gas, us would happen with a high explosive such as dynamite or nitro¬ 
glycerin would develop such high pressure and shattering effect as to 
rupture the gun. 

Fufnjipufra. — The action of fulminates is much more brusque and 
powerful than even that of the elsiss of explosives just described. As 
they can be readily detonated by shock or by the application of heat, 
they are used in primers and fuses to start the action of both the low 
anil the high exploaivra. The most common fulminate is made by 
dissolving the metal mercury in strong nitric acid and pouring the 
solution into alcohol. After an apparently violent reaction there ia 
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produced a mess of fine, gmy crystals of fulminate of mercury. The 
crystalline powder thus produced is washed with water to free it from 
acids, and. because of its extreme sensitiveness, is usually kept soaked 
with water or alcohol until needed. On account of its great specific 
gravity (1.1 1 u small volume of it develops a large volume of gas. 
According to the usually assumed reaction the gas developed occupies' 
iit the ordinary temperature, a volume more than 1,340 times that of 
the original material Because of the large amount of heat developed 
m the reaction, the volume at the temperature of the reaction is very 
much greater. It is estimated that a pressure as great as 48,000 
atmospheres is produced by the del mint ion of mercury fulminate. 

QUANTITY A NO COST. 


According to a bulletin of the Census Bureau, approximately 
4S7,000,000 pounds of explosives were produced in (he United Slates 
during the year 1009 and comprised (approximately) the following 
principal items: 


SS'^lVr..~ ....—- «££«» 

. *•*« 

'■PenniHatbli? otplMlvw" . . .. ™ 

a-«Mi»powd« .;;;;;;... SSSSrSS 

Guncotton, etc. ......-I”!" l|S^SS 

The approximate value of these explosives per pound is ns follows: 


BLuiine 

£Vrmii»ibIu ^xpkwivc- _ 4 

Dymmftn find nitrv^tyrrr] n. _ _ r , 

Gunpovdcf __ 

SnaokeEi. i «i powder. „._ T . T _ _ _--**.„„*_!' ^ 

All of the foregoing explosives were used for industrial purposes 
except the smokeless powder, some of the guncotton, and Home of the 
gunpowder. Thti so-culled “permissible explosives” are those ap¬ 
proved by the United States Bureau of Mums as being suitable for 
use in mines where dust or gas explosions arc likely to occur. The 
explosives used for military and naval purposes probably comprised 
not much more than 7,000,0U0 out of 487,000,(SX) pounds, or about 
1 ■"' l H ’ r ceilt * f ,f 111,1 total money value, amounting to approximately 
$3$,000,000, about 10 per rent represents military ami naval uses. 


8 Xi*L 0 srvU 8 Df war. 

At no time in the history of the world have explosives played such 
a mighty part in deciding the destiny of nations as they are* playing 
to-day iu the prosecution of the general European" war. Their 
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lixtensrfe use In list' mighty engines of di^Lrurtion Kuril as the sub¬ 
marine mine, the torpedo, and in projectiles thrown from numnn to 
great distances avs tli marvelous accuracy, is resulting iil loss of life 
and destruction of property on mi tuipiwcdciitod scale. 

BLACK POWURlt* 

Black powder is extensively used fur blasting and mining purpose 
but has 1 1 i-r-i its imparlance us a propellant in niEii^m I i rearms. al¬ 
though still retained for primers and other special purjKj&es supple- 
im ntal to the more important smokeless powder. 

Black gunpowder has, however, pitted a very important part, in 
the history of the wars of the past three centuries, tint I for that 
reason deserves more then brief mention. It is ordinarily com¬ 
posed of about 7 ft parts idler. In pails charcoal, and 10 parts sul¬ 
phur. The niter furnishes the oxygen to burn the diureool mid sul¬ 
phur, The charcoal furnishes the carbon mid the sulphur give* 
dnifily to Elic grain, and lowers its point of ignillnn. The earliest 
record uf the use of a mixture of this general tihametor in aHiud war 
dates, buck to the fourteenth century, but its use did tinl become 
nuiiniLiU unliE shout the loginning of the sixteenth century,, l ntil 
aimtil the end of (hut century it wm used Sri tin-, form of line pow¬ 
der; hence the mime. To overcome the difficulty experienced in 
loading small arms from She nnucsde with such mate rial, h was given 
a griinuitir form- Little further marked improvement was made until 
about Isno, when Gem Thus. Rodman, l p { the Ordnance Department 
oF 1 he ITnihd Stat.-s Army, advanced the principle that the rale of 
combustion, and consequently the pressure developed, could 1 hb l eon- 
lrotted by cmiipryaaing (he fine-grained powder previously used into 
larger grains of greater density. The size of groin was to he *o pro¬ 
portioned bn the size and length of the gun that the- powder would he 
completely burned up about the time the projectile reached the 
muzzle, 

Thu "mereuse in size of grain decreased the initial burning surface 
for as given weight of charge, thereby lowering the rate ui which the 
gas was given off during the early part of the movement of the pru- 
jee-lilu and correspondingly lowering the maximum pressure. This 
permit led the use of a bigger charge, wills ml n verst raining the gun, 
and [[ms secured higher average pressures along t he here wilh re¬ 
sultant higher muzzle velocities. This principle is of special impor- 
ianro Iwiiuse it has found application in the mm m furl ure of nU 11 in 
later gunpowders. 

BSOWN POWDER AVD SMOKELESS FQWUER. 

A further reduction hi the velocity of combustion of jiowder was 
obtained about 18S0 by the substitution of mi under burnt charcoal 
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fur the black variety previously used. The rwulling product was 
fidled brown or cocoa powder from its appearance. Tim next, great 
slop in ihe improvement of powder was the development of smoko 
less powder which lagan to bo introduced into service about 1&S6. 
The great advance that has boon made in the power and range of 
guns since abou t 1S.S0, when modem guns and powders begun to bo 
used, is evident from a comparison of the 15-meh smooth-bure gun 
then in with the 14-tndi rifles now being mounted. The old 15 - 
inch gun tired a projectile weighing 450 pounds, with a muzzle velocity 
of 1,5-44 feet per second, and attained u maximum range of approxi¬ 
mately 5,570 yards when fired ui 21}° elevation, the usual limit per¬ 
mitted by the mount. The present 14-incli gnn fires a projectile 
weighing 1,060 pounds, with a muzzle velocity of 2,300 fesfc pet- 
second and attains a maximum range of approximately 10,300 
yards with 15° elevation. The muzzle energy of the former pro¬ 
jectile is approximately 7,350 foot-tons, while that of the latter is 
approximately 64,170 fool-tons. The former carried a small burst¬ 
ing charge of black powder, and would have been practically useless 
against modem armor, while the latter carries a largo charge of pow¬ 
erful high explosive and is capable of getting through the heaviest 
armor if it strikes fairly, 

SMOKELESS FOWPEllS, 

As already pointed out, a great advance in power of firearms was 
made when smokeless powders came into general use, .Many differ¬ 
ent kinds of such powders have been manufactured, and more or 
less extensively used, but nil of them have practically disappeared 
from military use except two, the kinds commonly designated its 
nit rocelh dose powdera and nitroglycerin powders, respectively. Thu 
use of the two type* is quite evenly divided. Thus, the lutroceUu- 
hwc Ij-pu is used by the United States Army and Navy, by the 
French Army and Navy, and by the Gorman Army, whereas nitro¬ 
glycerin is used by the British Army and Navy, and by the German 
Navy, 

A i( nx-efliilose powders, the manufacture of which will bo described 
inoro in detail later, are essentially composed of nitroceDulose or guu- 
col ton dissolved in u mixture of ether mid alcohol, then compressed 
into a horny muss, formed into grains of suitable size, then dried 
until nearly all of the solvent has been extracted. Tho principal 
ingredient of nitroglycerin powder is also guncotton, the other im¬ 
portant ingredient being niiroglycerin, this varying from 20 to 50 
per cent, Guncotton, technically known as nitrocellulose, is there¬ 
fore the principal ingredient of all military powders, and its manu¬ 
facture is, for that reason, of special interest. 


2n4 AN XL* A I- REPORT SMITHSONIAN IN t~TIT UTION + IQ1A* 

NUrvcrllitlme — Ni LniceJltJoao w obtained by tho nitration of col- 
jul, The latter is not a dearly defined substance, but a generic 
tumi applied to ft class of substances which have many chemical and 
physical characteristics in common. Tho composition of the cellu¬ 
lose corn?-ponds to tho empirical formula C*II b O m , In the process 
of nitration, n number of atoms of hydrogen are replaced by ft num¬ 
ber of molecules of nitric peroxide (NO,) giving u product nitrocellu¬ 
lose of the general formula C^f^O^tNO^,. It has been found 
possible to introduce more tlian 12 CKO,,) groups into tho cellulose 
m<ductile- This gives ft nitrogen content by weight equal to 14.1G 
per cent- The highest si ably nitrocellulose contains, however, only 
about 13.5 per cent of nitrogen, and tho one most used in the manu¬ 
facture of smokeless powder contains about 1— -5 por cent, lho 
pur wit form of natural cellulose is cotton. This material is accord¬ 
ingly used almost exclusively bi the mamifaclujce of nitrocdhdoao 
for smokeless powder. The several steps in the process of manu¬ 
facturing nitrocellulose may be described briefly as follows: 

Tho cotton used is gxmeadty the short which is detached from 
tho cotton seed rather late in Lhe process of removal. After being 
bleached and purified it is run through apkker, which opens up tlio 
fiber and breaks up any lumps. It b then thoroughly dried anil is 
ready for nitration. Tho most generally used method of nitration 
k to put the cotton into a largo vessel nearly filled with a mixture 
of nil ric and Bulphuric acids. The sulphuric acid is used to alisorb 
tlic water dovu1o}>ed in the process of mitral ion, and which would other¬ 
wise 1 1 to greatly dilute tho nitric acid, After a few minutes immersion 
thi. pot is rapidly rotated by machinery and the acid permitted to 
rtitapo. The nitrated cotton is washed in a preliminary way, thou 
removed from the nitrator and repeatedly washed and boiled hi 
rertm ve nil tran os of free acid. In i hi: profit uf nil rat i>m, the cotton 
has not changed its Appearance, but has become a little han-h to tho 
touch. As tho kipping quolit i es are dependent upon tin- thoroughness 
wii h which it is purified, the specifications for powder for the Uni toil 
States Armv and Navy require that tho nitrocellulose shall bn given 
ill this stage of manufacture tU least five boilings with a change of 
water after each lulling, tbo total time of boiling being dO home. 
Following this preliminary purification, tho jitirocehiiluse is cut up 
into Hi ill shorter Inhgllis by being repeatedly run between cylinders 
carrying revolving kirivi*. This operation was found necessary ns 
cotton fibers uro hollow tubes making it very difficult to remove 
traces of arid from the interior unless out into very short lengths. 
After being pulped, the nili-ocellulose is given six more In tilings with 
a change of water lifter each, followed by 10 cold-water washing*. 
The completed material is known OS guncotton or pyrooellulose. 
Before abiding tho solvent, the pyrocolhitose must bo completely 


EXPLOSIVES—0 ? K EEN, 


255 


freed from water* This is partly accomplished in u centrifugal 
wringer, but is etPjnpleiod by compressing tho pyne olhilose into a 
solid block, then forcing alcohol through the computed mass. 
Some of the water is thus forced out ahc&d of the alcohol and tho 
remainder is absorbed by tho alcohol, tho operation of forcing it 
through the block being continued urUtl pure alcohol appeals. Ether 
h* n [Eiled tri tho pjimelhiloee thus impregnated with alcohol, tho 
relative proportions being about 2 parts of other and l part of ulcohcri 
by ruin me. The amount of mixed sol von L added varies hot wee u 
about 85 per font and 110 per con L of tho weight of the dried pyro- 
cctfuloso. After the ether hies boon thoroughly incorporated in a 
kneading machine tho ma te ml is placed in a hydraulic press, in 
which it is formed into cylindrical blocks about 10 inches in diameter 
and about 15 inches long, in this operation the pyrnc'dluleso loss's 
tho appearance of cotton and takes on a dense horny appearance, 
foimihg what is known as a colloid. Tho colloid h transfiuTOd to u 
finishing press, where it is again forced through dies and comes out 
in the form of long strips or rods, which are cut to grains of tho length 
required. The grains are then subjected to a drying process,, which 
removes nearly all of the solvent and leaves the powder in a suitable 
condition for use. The drying procuss ia a lengthy one, umtumting 
to as much as four or five months for the larger grained powder. 
Upon completion, the powder is blended and packed in air-tight 
boxes. 

Form of grain . Tho form of grain used in the United States Army 
and Navy for largo-caliber cannon is a cylinder eonLamiiig seven 
longitudinal holes. Figure 1 shows tho dimensions of a grain of 
about tho size suitable for a 1-l-indi gun* Tho purpose of the holes 
is to can m an increnso rather than a decrease in the buruitig surfare, 
as tho gram ifl consumed, tboincrease in the area duo to their utdargo- 
mont more than compensating for the ileertuiso in the outer 
Surfaces, 

The increasing burning surface thus sixuri'd is advantageous in 
tending to better keep up the pressure as the volume behind tbo pro- 
jtwtilo increases as it moves down the bom. Abroad, smokeioaa 
powder is comimuilj made in tho form of flat ribbon* or single per¬ 
forated sticks 2 or 3 feet long. Such forms tuwo not been adopted 
in this country biscauso of the fact that, they do not give as much in¬ 
crease in surface while burning, and because of the difficulty of pro¬ 
ven I ing serious warping of the long sticks in drying, whereby trouble 
would result in getting sufficient powder into the desired volume in 
loading, 

Sjiuykr&M-pmBfcr charge #.-—For use in guns, smokelc&i powder is 
put up into charges inclosed in stout cloth made of t aw silk. Each 
charge is subdivided into as many sections jls is nocei^ary to secure 
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(ttetn 4 jf handling, Tho charge for one round for a 16-inch pin is 
shown in plate 2. ft weighs Approximately 666 pounds, and is sub- 
divided into six sections of about 111 pound* each, for onso of 
handling. 

To improve i Ins spei-d end uniformity of ignition, a email charge of 
black powder is fastened Lo one or both ends of each motion of tlio 
charge. One of those is ignited by the flame from a primer inserted 
in tho brooch of tho giro und serves to faciliiate the ignition "f tl" 1 
smnkidc&t powder ehaigo. 

Life of tmokdesa powder .—The life of smokeless powder varies 
groutly with the conditions under which il, is stored. If stored in n 
cool, dry climate it will remain in good condition indefinitely, but if 
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exposed to high temperatures, especially if moisture be present, the 
stability lift? will bo greatly reduced. In the manufacture of the 
United States Government smokeless powder there was used for a 
number of years u small percentage of a material culled ms undine, 
which gave the powder a strongly pinkish color, which gradually 
faded ms the powder lost its chemical stability. This material did 
not retard the change, but merely served as an indicator that the 
powder was IhH'omitig dangerous. 

About five yews ago then' wna adopted ns one of the constituents 
of the powder ns«l by the United States Army and Navy a material 
called dipbcttylamine, which by combining with the products of 
decomposition of tho smokeless powder, serves to retard the progress 
ol decomposition, and thus greatly lengthens the stability life of the 
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Plate 2. 



PftOJECTsLE AKD POWDER CHARGE FOR I6-|mCN GlJN. W&tGNT QT PROJECTILE, 2.400 
Pcmjsds; Weight of Pov/dch Charge, 666,5 Pulfnos of Smokeless Powder. 
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Cross Section of Machine- -Q u h Sorrel After Firing 3,000 Rouno& WifH ftiT«ooLrcca.iN Powder. 
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powder. Whllo there him been insufficient time since the adoption of 
Qm stabiliser to fully determine its advantages under ordinary con¬ 
ditions of storage, tests made at elevated temperatures have indicated 
tluit its presence nil! probably double the life of the powder. That 
the life of the smokeless powders manufactured for the United States 
service, even without tho stub direr, has been very satisfactory is 
evident from the fact that there is powder 14 years old now on hand 
in fairlv satisfactory condition. There is a possibility that in de¬ 
teriorating, the chemical action may heroine so violent ns in cause 
spontaneous ignition of the powder or of the gas being developed. 
The Army and Navy in lids country have been practically free from 
tins source of trouble, hut there have been a number of disastrous 
explosions from this cause abroad. Within the past, few years the 
French have lost two battleships from this cause, the Brazilians one. 
and the Japanese one. In order to guard against such a possible source 
of danger, samples of all lota of powder are kept under constant 
observation at the powder factories awl at storage magazines. Any 
serious change taking place is thus promptly detected and the corre¬ 
sponding lot of powder withdrawn from service. 

Sourer of supply .— The smokeless powder needed by the United 
States Army and Navy Is in part manufactured in Government plants 
and in part purchased from private manufacturers. The smokeless 
powder is made at nil the plants, both Government uttd private, ui 
accordance with specifications prepared by a joint board of Army 
iiud Navy officers, thus insuring a uniform and satisfactory product. 
The specifications permit the use of only the highest grade materials 
and prescribe such tests at the various stages of manufacture as to 
insure a high-grade product. The most important details of manu¬ 
facture as proscribed by the specifications have been given in the 
discussion of the manufacture of nitrocellulose. 

Trstx , — The usual tests for chemical stability are made ot. elevated 
temperatures in order to bring their completion within a reasonable 
time limit. One of these is made with the powder at 135° C. ; the 
requirement being that tho gases developed by tho decomposition 
must not turn litmus paper to a standard red in less than 1 hour iitid 
15 minutes, nor must any sample explode in less than 5 hours. 
Another test is made at J15° C., tho requirement being that the loss 
tn weight must not exceed a prescribed limit as n result of exposure 
to this temperature for 8 hours per day for six days. A third test 
ia made at 05.5° C., tho requirement being that no nitrous fumes 
shall bo developed in less than a prescribed number of days, dependent 
upon the size of the groin being tested, To guard against brittleness, 
which might result in the grain being split or shattered while burning, 
73176'—m ia u — -17 
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11 physical test in prescribed wherein grains are tested by being 
shortened in a press. The requirement in this tost is that no crurk 
ahull lw developed in the outer surface of the grain before it hiia 
shortened a specified percentage. Samples representing every 
lot of powder, lots uaualh- consisting of 100.000 pounds, are sub¬ 
jected to idl the foregoing tests as well us to others of less ini- 
portance. 


AOCtmACT LIFK OF otms. 


In order to maintain an elongated projectile in aceumto flight it 
nmst lx' given a rapid rotation about its longitudinal avis. Exrept 
for small arms projectiles this is aceomplishod hy tnmn* of n copp-T 
band Bocurod to flu? pnujecJUe mid engaging in the m*rvl dements 
or rifling in the gun, this htil ing the desired twist, fn small tmns 
the rifling engages the. projectile over the on tiro length of (ho body or 
cjlitulrical pert. It in found that tho la rg o powder charges and 
high pressures used in modem cannon rather quickly wear away the 
mised elements, especially near the origin, nod that eventually the 
projectile hands fail to properly engage the rilling and llie gnnluses 
its accuracy. 


With tlio largest caliber guns this occurs after the firing of from (lit 



accuracy life is greater, amounting to at least 3,000 rounds fora 
3-inch field guru After u gun has lost its accuracy, it can ho restored 
to good condition at a moderate cost by boring it out and adding n 
new lining tube, then rcriHmg Die gun. One of the great advantages in 
tho use of in l ™edIuluso powder, that used in this country, in compari- 
sou witli the nitroglycerin powder cordite, used to a conffldorublo extent 
atirnad, is the much loss erosive effect of the former. The great 
difference ia evident Tmin the fact that in changing from nitroglycerin 
powder to nitrocellulose powder in the United States service small 
anus some years ago, the accuracy life was raised from about 3 noo 
to about 15,000 rounds, Plato 3 indicates the condition of the in¬ 
terior of a OJO-calibci machino-gun barrel after a rapid-fire test uf 
3,000 rounds in which nitroglycerin powder was used. The firings 
were made with unusual rapidity and mtftovt the presence of tl, 
twrnl walrr jacket surrounding the lorrel , the test being om of a 
series in an effort to find a steel more resistant to erosion than n,„ 
varieties now in use. The water-filled jacket commonly* iW in 
service firing tends to keep down the temperate,* of the Uvrrd an 
thus reduces tho omsiaru ™ aAU * 
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BUnSTUSO CUAHOK8 FOR PROJECTILES. 

In selecting an explosive suitable for use a* a bursting charge for 
projectiles, conflicting eondUinns tiro encountered in (hut it must ho 
sufficiently insonidtive to withstand the enormous shook in being 
fired from the gun, and must at the same Li mo L>l i sufficiently sensitive 
so that it will be detonated without the use at so large a detonator os 
would hi it#« n if be dangerous in firing. Among the more important 
explosives which have been tested in this country at various times 
for use in filling projectiles ma> be mentioned nitroglycerin, blasting 
gelatin, picric acid, emmeosito, joveite, mwimite, trinitrotoluol 
trinitrobeuzine, and wet guncotton. The extreme sens! Livens of 
nitroglycerin and blasting gelatin were found to render their use 
exceedingly dangerous, mid resulted in one instance in the destruc¬ 
tion of a 150,000 gun. Most of the other explosives mentioned were 
found too sensitive, too hygroscopic, or otherwise objectionable. 
While picric acid itself has not been greatly used, it has been em¬ 
ployed mixed with other substances midi as nitronaphthaline, nitro- 
toluol, uitrobeuzole, camphor, etc., and these mixtures have been used 
under various tLiLiiios such as lyddite, ccrosita, melciiite, shimose, nmxi- 
mite ? etc. The explosive used hi tbeUnitodStates aerricsokaseoret 
known only to those officials concerned in its procurement and use. 
It b designated m "ExpWve D ?t as a tribute to its inventor, Limits 
Col. B. W. Dunn, an officer of the Ordnance Department of the Army, 
Thb explosive can be readily manufactured and at a moderate cost, 
hm excellent keeping qualities, can be easily loaded into projectiles, 
ami is very powerful when detonated. It Ls so insensitive that it 
can be not only fired from a gun with absolute safety, but will with¬ 
stand the shock of impact on the hardest armor plate without 
exploding. 

ARwrm-r i EBcmo mo jectiles , 

Tlic sketch (fig. 2) shows the general construction of u modem 
projectile used for the attack of armor. The long-pointed outer 
covering for the head serve* to greatly reduce tlm air resistance 
encountered in flight, and thus enables the projectile to reach the 
target with a higher striking velocity. The short inner cap b found 
to give the point such support as to greatly improve the chances for 
the projectile’s getting through a hard-faced plate unbroken. The 
head of the projectile proper is very hard, and at the same time very 
tough, two conflicting requirement*. 

The difficult character of the acceptance teste for armor-piercing 
projectiles is evident from the fact that they are in general required 
to perforate unbroken a hard-faced armor plate at least as thick as 
the caliber, or projectile diameter. A 14-inch projectile b thus 
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required to completely perfo¬ 
rate a I-I ditch plate, and he 
in unbroken condition. The 
striking; velocity for Hindi a 
test is about feel, jut 

second. 

For coast—defense pins two 
general types nf such projectiles 
are employed. One of three, 
known ns armor-piercing shell, 
carries a very large bursting 
charge and is equipped with a 
quick-acting fuse which deto¬ 
nates the explosive ini medi¬ 
ately iipim impact with an 
armor plate (pi ti. This typo 
is intended for the attack of 
lightly armored vessels, or the 
upper works of heavily ar- 
nioreii craft, and dors its work 
by driving in the thin platis 
and destroying parts that are 
not protected by heavy armor. 
The other type, known 
armor-piercing shot, 
walled and carries a smaller 
bursting charge. Jf is pro¬ 
vided with a delay-notion fuse 
which permit® the projectile 
to pass through a plate and 
detonate after reaching (he in¬ 
terior of a ship. Plate 5 shows 
Uih effect of such a projec¬ 
tile fired against tt target 
representing a section of tt 
fairly modern battleship. Tins 
projectile passed through 
11 inches of the moat mod¬ 
ern armor and detonated 
some distance in rear with 
the result shown in the illus¬ 
tration. It is evident that 
no human being could survive 
withm that pun 0 f the sldp. 
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HiGH-ExPlOSIVC PROJECTHLC DETOtJATlNQ ON THE FACE UF AH ARMQH1 PLATE 
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iNTtmon OF Target F£i.pJi£S£NTiNa Section of a Battleship After Two Rounds of arm* Projectiles, 
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moiule AimixEHV i'eojectiles. 

There arc being mad by the field and siege artillery in the present 
, European conflict three general types of explosive projectile, viz, 
high-explosive shell, common shrapnel, and high-explosive shrapnel. 
Tliest- projectiles viirv in weight from about 15 pounds, used m 
guna tl f about 3-mcli caKber, the most numerous type, to about 1,700 
pounds, its used in 16,5-inch mortars, presumed to Imve been em¬ 
ployed in the attack on some of the Belgian fortifications. All of these 
projectiles can be thrown with remarkable accuracy to a distance of at 
least l miles, while some of them, as iired from the must powerful 
weapons, have a rang-- as great as 7 miles. 

HKJH-EXPTJOBm SHELL. 

The high-explosive shell carry from about 3 per cent In about 30 
per cent of their weight in high explosive. The smaller percentage 
is found in those intended for use where fragments of considerable 
size are needed, as fur man-killing pur|*«es in the «p«n. The large- 
eapacirv type is used where the desired purpose is It) demolish build¬ 
ings, earthworks, or other obstacles.. High-explosive ahull are usually 
equipped with a fuse which will cause them to explode upon impact, 
but with sufficient delay to secure penetration well into the interior of 
tromhes or Other hostile cover (fig. 3). It has been reported that bigh- 
explosive shell are being used m the present European conflict to a 
great, r extent than ever before in modem w ar, this condition result¬ 
ing front the fact that watt-prepared trenches are being utilized to a 
greater extent limn formerly (pb 6), 

Some of the high-explosive shell fired against the armored forts hi 
Belgium am presumed to have carried as much as 400 or ami pounds 
t) f high explosive. The groat destruction wrought by such large 
quantities of high explosive has been evident front the photograph > 
published in current periodicals showing overturned or otherwise 
damaged turrets, nod large masses of broken concrete. 

COMMON SHRAPNEL. 

The pm] or tile most frequently used in hmd warfare, especially in 
the attack of troops in the open, is known as the common shrapnel. 
[i consists essentially of a steel case dosed at the rear, filled with 
h ad halls, and carrying a fuse capable nf being set to cause the fawtla 
to be expelled while the projectile is in the air immediately in front 
of Ihe position occupied by tin* enemy. The balls are expelled by 
the action of a charge of powder carried in the rase in the rear of 
the balls, and ignited by a flame from the fuse passing down a central 
tube cummunieatiiig wdth tins powder charge. Ihe number of lend 


262 


ANNUAL REPOBT SMITHSONIAN INSTITUTION, 1911. 



Tki i. t. — 3-Jndi ri ![i iJLi-L»ia shrapnel. 
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ity of about 
yard on the 
d, this being 
the escape 


balk carried varied from abolil 
300 in a Il4nrh field-gun shrap¬ 
nel to about 1/100 in a S-Moh 
liuwitcor shrapnfcL Each of 
Lhese balls lias sufficient energy 
to disable a man or a horse up 
to 100 yards or more beyond 
the point of burst of tho ahrap- 
noh This typo of projectile 
was invented about the year 
1S0Q by a Brit ish officer, Col. 

Shrapnel F hr nee ils mune. The 
rapid rotation of the projectile 
hi Jlight causes the balk to 
spread in jt rather uniform 
manner p thus covering with con¬ 
siderable regularity n given area 
beyond the point of burst. In 
firing* an effort Is made to se¬ 
cure a height of burst which 
will give a bill densitv 

one ball per square 
surface of the groom 
sufficient to insure 
of no one within tho beaten 
zone unless protected by euflV 
ciont cover. A shrapnel of the 
type manufactured for use in 
the United States Army i^ 
shown in the illimtration here¬ 
with (fig. 4). In order to render 
tho point of burst more clearly 
■visible to the firing battery 
and thus permit adjustment of 
range, the shrapnel balk are 
embedded in a matrix of mate* 
rial which gives a cloud of dense 
black or white smoke at the 
point of burst. The materials 
in common use for this purpose 
are resin, monoidtronaphtb abmo 
and plain naphthalene* The car¬ 
tridge case used to carry the propetiwig charge of smokeless powder 
is shown hi figure 5 + 
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COMBINATION FUSES* 

In order to secure a burst of the shrapnel at the desired rango., or 
in case a buret in the air b not secured* to obtain a, burst upon 
impact with the ground, there is carried on the head of each projectile 
ii combination Fm*e of the general character shown in the illastra tkm 
Gy This contains a concussion plunger which p by means of the 
shuck of discharge fires a primer, and thus ignites a t rain or ring of 
compressed powder which, after burning a prearranged distance ;*s 
determined by the setting of the fuse, trnnsniUs the flame to the 
powder at the base 1 of the shrapnel Upon the ignition of that 
charge,, the fuse ia driven off and the hulls expelled as previously 
described. There b provided a second plunger—pctxussion— which 
movm forward on impact, and, in case the shrapnel bits not already 
exploded, fires a primer that transmits a flame to tiro base charge 
with resultant burst The time train rings which duteruimo Ilia 
interval between the projectiles leaving the gun and the point of 
burst in the air are usually in pairs and so arranged that one of them 
is readily movable with respect to the other, tlds movement being 
secured through the operation of a device called a “fuse setter." 
This device b adjusted in accordance with the known or supposed 
range to Liu; enemy, and the fuse set accordingly by merely inserting 
tin- projectile into the fuse setter and turning the projectile or the 
fuirr setter until the movement Is automatically stopped. The burst 
is usually timed to occur a few yards above the ground and a short 
d is tan eo in front of the enemy ^s position. 

IIIQIl-EJXPLOSJ.V1£ BilHAFNEL, 

A third type of projectile combining the principles of both the 
high-explosive shell and the conn non shrapnel has come into u*e to 
Home extent within the pant four or five years, this projectile being 
known as a high-explodra shrapnel In this type the head carries 
a high explosive charge, and the matrix surrounding the balls is a 
high explosive capable of Wing detonated by the detonation of the 
Wad, This projectile carries a com bin a Lion fuse and a base charge 
aa does die common shrapnel. For use as mth the head and balh 
are expelled without a detonation occurring, the matrix serving to 
produce smoke os docs that of the common shrapnel. Thu head con¬ 
tinues in flight and detonates upon Impact, the power Wing sufficient 
to put out rif action a shielded gun m ease it strike the shield. If 
the projectile strikes without having functioned as common nhrapmd 
the bead and matrix detonate together, thus giving the effect of (he 
high^ipk*siye shell The explosive commonly used iu the head ami 
as a matrix in this cW of ammunition Is trinitrotoluol together with 
the fulminate or other similar material needed to atait the do to- 
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EXFL08TVE3—O 'liEES*. 

mtiijn. Plato 7 shows the b*U» and fn^nxents fromsairh a projectile 
of 3-meh caliber weighing IS pounds. 



AERO 1*1-AXE HUMBS. 

The usual typo of bombs or grenades dropped from aeroplane* or 
dirigible consist of stout envelopes containing a bursting charge o 
high explosive, and equipped with a fuse which upemUss upon impact* 
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These grenades arts occasionally partly tilled with lea*! balls or other 
iiih&ilcs, but usually the effect of the high explosive alone h depended 
upon. It seems readily practicable to carry anti drop from aero¬ 
planes bomba weighing from oQ to 100 pounds* It is^ of course, 
practicable to carry and drop much heavier ones from dirigibles. 
Experiments in our sendee have indicated that g«wxl accuracy can lie 
secured in dropping grenades of suitable form from heights at least 
as great os 2,000 feet. 

X JTROfj L YCEHIN. 

One of the most powerful and commonly used explosives is nitro¬ 
glycerin, it being used alone or as forming tho explosive clement in 
dynamite, it is prepared by slowly running glycerin into a mixture 
of the strongest nitric and sulphuric acids, the whole Wing stirred 
and kept coot during the process of mixing. The reaction which 
taker? place between the glycerin and the nitric acid is in a goner td 
way similar to that which takes place m tho manufacture of gun- 
cotton. As the result of the reaction, NO, groujra from the nitric 
acid replace hydrogen in the glycerin, and the previously harmless 
glycerin « thereby changed into the powerful and dangerous explo¬ 
sive nitroglycerin. Nitroglycerin is a rather dense oil-like liquid. 
When pure it is colorless, but m it appears in the market is usually 
pale yellow. It b somewhat poisonous* and one can be poisoned by 
it not only through the mouth but also by breathing ita vapors or by 
allowing the liquid to touch the skin. A drop of it touching the tip 
of the linger will usually soon produce a violent headache. The 
chemical formula giving its reaction upon explosion is usually written 

4Cyi 4 (O^D,) i = l2CO t 410B,G 46K a 4 O a 

As expressed in simpler language this means that four molecules of 
nitroglycerin, each composed of 3 atoms of carbon, 5 of hydrogen, 
3 of oxygen and nitric peroxide (NOj), become upon explosion 12 
molecules of carbon dioxide (CO,), 10 of water vapor (11*0), 6 of 
nitrogen, and 1 of oxygen* 

Onsdtvtfopid .—The equation further shows that, in accordance with 
a general chemical law, a quantity of this explosive in grams equal to 
[he number of units of molecular weight in the first member—that is, 
908 grams—will give 12 molecular volumes of carbon dioxide, 10 of 
water vapor—if that bo assumed to behave like a perfect gas—0 of 
nitrogen, and I of oxygen, if measured at zero temperature and 
standard atmospheric pressure* As the molecular volumes of all 
gases are tho same (22.32 liters) the total volume of gas developed 
by 90S grams of nitroglycerin is approximately 647 liters. That is, 
1 pound of nitroglycerin, which occupies approximately 16 cubic 
inches of space would develop approximately 340 cubic inches of gas 
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measured under the zero temperature condition specified abov^ but 
which at the tcmjK'mturc of espies ion w ould occupy lucre than 4,000 
cubic inches, if similarly measured under atmospheric pressure. 

II mi developed. —The quantity of beat developed can 1 >p readily 
computed from experimental data giving the heat absorbed in the for¬ 
mation of the explosive material and of each of tbe products of 
explosion other than tbe simple gases, these absorbing no beat. It 
is thus determined that the heat given off by exploding under con¬ 
stant pressure 1 pound of nitroglycerin amounts to sufficient to rake 
approximately 2,010 pounds of water through l & F. 

Tttuptraiurj of explosion. — Knowing the quantity of heat liberated 
and the quantity required to raise the products of explosion through 
1°, the temperaturo of explosion can be readily computed. The tem¬ 
perature thus determined Fur the explosion of mfcroglycerm hits tho 
enormous value of approximately 3 t 17S d C M this temperature lierng 
approximately twice that of molten stccL Tho considerable volume 
of gas developed, tbo very high temperature to which raked, and the 
quickness of the reaction account for the extremely violent action of 
nitroglycerin and other explosives of similar character, 

PTNAMITE. 

Dynamite consists of mtrogtyoerin absorbed in a solid body railed 
the “dope," One of the curliest dynamites was made by absorbing 
nitroglycerin in powdered “rotten stone. 11 As tho rotten stone could 
neither bum nor explode, it was called “tmetivo dope." There are 
now many varieties of dynamites with dopes of this character. Gia 
the other band, nitroglycerin may be absorbed m gunpowder or in 
other active materials which will explode as wed as the nitroglycerin 
when the dynamite is fired. Tilero are large numbers of dynamites 
thus made with active dopes, and with varying percentages of nitres 
glycerin. The following may be taken as an example of u standard 


dynamite with an active dope: 

Pfrr nmE 

...-JO 

NitiaiD of ml* (roditiru nitrate).. _ .**.***.*. ___ 44 

Wood pulp.. . ..**^.**.* 4 ._ 15 

CArboPsitool liitiD (calciuiu ____ , ] 

Total..... - «... . .. . .. . 100 


Tlic extensive use of dynamite in this country Is apparent from the 
fact that there were manufactured in the United States in the vaar 
1900, ns previously stated, approximately 19.5,000,000 pounds of this 
material. It was the explosive most largely used in digging the 
Panama Canal, the expenditure at times amoun ting to about 1,000,000 
pounds a. month. 
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EXPLOSIVE GELATIN AM* GELATIN DYNAMITE, 

Nitroglycerin, like other liquids, acts sis ft solvent for certain mute- 
rials. It hm been found that il will dissolve mtmcclliilo&c, anti that 
the mixture- thus formed will become a jelly like mass, Xu this way ft 
substance known us explosive gelatin is formed, which material is in 
seme respects the most nearly ideal explosive and one of the most 
powerful known. It h f in fact, too powerful for ordinary use hi 
blasting sintl is commonly mixed with dope, such us nitrate of soda 
a n d wood pul p 7 its used in struigh t dynamite« The mixt ure so ft rnud 
is commonly known as gelatin dynamite. 

DYNAMITE OABTfilDOES. 

Dynamite and other explosives can twining nitroglycerin are ordi¬ 
narily put upon the market In the form of slicks or cartridges, which 
are made by wrapping cylinder of the material in stout paper; the 
wrappers arc paraffined to protect them against the action of the 
water and from moisture in the air, beem™ the nitrate of soda, which 
the material commonly contains, absorbs moisture and thereby be¬ 
comes damaged. The sticks of explosive vary in size from about 
1 inch to 2} inches in diameter, and are usually about 8 inches long. 
They arc commonly packed in ceases containing 50 pounds euch. 

NITRO EUBSTiTUTtON COMPOUNDS, 

A number d substances derived from coal tar, if acted upon by 
nitric acid, form what are known as nHro^uhstitution compounds* 
The beat known and most extensively used of these compounds is 
phenol,or carbolic add, which material comes from the oxidation of 
benzine. The chief source of benrine ia coal fear, from which it parses 
over in the fractional distillation between 150® and 200® C. In tins 
squill process nf manufacture the liquid thus obtained is treated with 
caustic soda, and results in ibo production of sodium phenyl ute. 
This is acted upon by sulphuric add and purified by further frac¬ 
tional distillation, resulting in the production of phenol. Picric add 
is obtained by treating phono! with nitric acid. Thu resultant product 
b not only greatly used as an explosive by itself, but ns an ingredient 
of many explosive mixtures. 

“MdeaiW' the high explosive used by the French for Idling prcK 
jectiles, is probably picric acid and cdlujded nitwccllulose f or soma 
other substance, such as jiitrobcn»le, ‘‘Lyddite/ 1 the high explo¬ 
sive used by the British, k presumably likewise a mixture of picric 
arid and some subs lance of the character used with Hide-nil e. tL ^hi- 
mo&o/ 1 the high explosive tised by the Japanese, is thought to be 
either pure picric arid or a mixture of that and a nitniie compound 
of the aromatic series. The high explosive used in the United States 
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service is Jesa sensitive than any of those referred to above, and ut 
the same time is very powerful. Its power is indicated by the fact 
that flic pressure developed in a projectile filled with that material 
is estimated to be approximately twice an great as that developed in 
one tilled witb compressed guncotton, 

MEANS or 10 SITING EXPLOSIVES. 

Some types of explosives, such as black powder and blasting 
powder, can lx- satisfactorily ignited by means of an ordinary flame. 
For blasting purposes this is commonly supplied by a slow-burning 
fuse consisting of a core of mealed powder inclosed in two or more 
layetH of yam anti generally surrounded by tape that has been dipped 
into a waterproofing composition. A suitable length of fuse having 
Keen cut off, and one end inserted in the explosive, the other end is 
lighted. The powder core bums slowly along the fuse, giving the 
operator time to proceed to a safe distance. For other types of 
explosives, such ns dynamite, detonator* are needed to secure satis¬ 
factory starting of the explosion. These detonator*, as used in 
commercial practice, are commonly ended blasting caps, ami consist 
of copper capsules about as thick ns an Ordinary lend pencil. They 
are commonly charged with dry mercuric fulminate, or with a mixture 
of such fulminate and potassium chlorate. The weight of fulminate 
in detonators vanes from about 8 to about 3(1 grains. The detonators 
themselves are usually lin'd by means of a fuse of the character 
pivviously described. 

ELECTRIC? DETONATORS. 

In order to secure greater safety for the operator, electric detona¬ 
tors or fuses that can be fired from a considerable distance arc 
commonly used. These detonators differ from those previously de¬ 
scribed in that two electric wires enter the upper end and are joined 
by an extremely fine platinum or other high resistance wire like the 
carbon fdament in an incandescent lamp, which becomes heated until 
it glows, when an electric current is passed through it. This win*, 
known as the bridge, is placed above the detonating composition and 
is surrounded by guncotton or loose fulminate. Such a detonator 
differs in principle from the electric primers commonly used in firing 
cannon only in that the mercuric fulminate of the detonator is 
replaced by black powder in the cannon primer, 

SUBMARINE HINES. 

A submarine mine is essentially a charge of high explosive confined 
in a strong case, und provided with a suitable fuse to cause its explo¬ 
sion either upon the receipt of a blow from being struck by a ship, 
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or to ho exploded electrically from a distance. A torpedo differs 
from n submarine mi nr chiefly in that it is provided with a vehiolu 
fur its transport ft tin u to ft distance. 

The Itisl recorded experiments with submarine mines were made 
by David BushnelJ, of Connecticut, in 1775, His mines contained 
charges of black powder and explosion was effected by ineons 
clockwork which, after being set in motion, allowed sufficient lime 
for the operator to got away before the explosion. Bushnrll also 
constructed a submurine bout for the purpose of conveying his mines 
i<> hostile vrfflds. With such a boat an attempt was actually made 
in 1778 to sink the British man-of-war EagU in New York harbor. 
An important stop in the development of subm urine mines was made 



in 1842 by Samuel Colt in applying electricity to the firing of such 
minus. Mines and torpedoes were first successfully used during our 
Civil War. Although of rather crude construction, they succeeded 
in sinking or seriously damaging more than 30 ships. Their success 
I urned the attention of the world to this method of naval attack and 
defense, with the result that there have followed great improvements 
in appliances and methods. 

The sketch (fig. 7) shows a submarine mine of the type planted 
in waterways with a view to closing the entrance to harbors. Such 
a mine is usually controlled electrically from short', but tuny he set 
to operate upon being struck by ft passing ship. The steel case is 
either spherical or cylindrical, depending upon the quantity of 
explosive earned. The amount usually carried is from JOG to 5(JO 
pounds, although there is no special reason why even greater quan¬ 
tities may not be carried. 
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Jfttharf of fring .—For eleetrioaUy-conti'dfled mmos a ooniluuotei 
Insulated ©able extends from tt mining casemate lu lhi 1 fortification 
<m shore to each nunis in the adjacent waters. Gbservcm arc imdn- 
t timed to watch for the approach of hostile vessels ami to plot their 
position with respect to the mines. The electrical system is usually 
FMi arranged Unit the striking of u mine is automatically signaled to 
the operator on shore, who may then fire it at once or after a few 
momenta* delay in order to allow the hostile ship to get well over it. 
The electrical method of control permits the safe passage of a friendly 
vessel. Mines which aro set adrift or are planted at the entrance of 
harbors without providing electrical control from the shore are 
equipped with a tiring mechanism or fuse which operates upon the 
shock of contact with a vessel. This has the decided disadvantage 
that it functions equally well whether the vessel he friendly or 
hostile. 

DEFENSIVE SI1MH HVSTEll. 

The sketch herewith shows the general arrangement of a defensive 
mine system covering the entrance to a harbor. Concealed and pro¬ 
tected in the fortifications is a mining casemate (C) which contains 
the electrical generators. Switchboards, and instruments needed in 
the service of the mines. The mines are planted in small groups 
for convenience of cable Berried. 

In the sketch (fig. S) each small circle represents an individual 
mine. The arrangement of the mines is such that a hostile vessel 
can follow no reasonable course into the harbor without emmmter- 
ing one or more mines. Claps forming n more or less tortuous chan¬ 
nel are sometimes left through which friendly vessels can be con¬ 
ducted by guide boats. Li order to prevent the eric my from remov¬ 
ing the mines or destroying them in position and thus clearing a 
channel, rapid-fire guns aro usually mounted to cover the mine 
fudds and prevent the sending in of small boats or tugs to accom¬ 
plish this purpose. Searchlights are provided to illuminate the 
mine fields and prevent such action under cover of darkness. 

TORPEDO, 

A torpedo is merely a mine carried at the forward end of n self- 
propelling vehicle. The motive power is usually compressed air 
storetl in a lank under very heavy pressure and* supplied to two 
propellers by moans of a compressed-air motor. These propellers 
turn in opjmsite directions in order that tho torpedo may not he 
thereby turned over. I n order to secure greater power, arrangements 
are made to heat the air by an alcohol torch in its passage from the 
Ian ' to the engine, [he torpedo is discharged from a launching 
tube mounted on u ship's deck or built into the ship below thu water 
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lino. The torpedo loaves the tube with a moderately 1™ velocity, 
nili L is then driven forward through the water hy its own propellers, 
operated by compressed air as previously described. Tlie explosive 
charge carried in the head is fired by percussion when the torpedo 
strike The depth, at which the torpedo will travel Is regulated In 
the operation of a plunger, which i« acted on by the water pressure 


nml controls a steering device which operates a horizontal rudder 
attached to the rear of the torpedo (tig. &.} 


OtUECTlNO MECHANISM. 


The torpedo is guided in direction tlirough the operation of a 
rapidly rotating gyroscope or small wheel which controls a steering 
engine. Tide gyroscope is usually of a turbine construction and U 
routed hy compressed air at a very high rate of speed. In accord¬ 
ance with a well-known principle of mechanics, such a rapidly rotat- 


Fm. K'-min* tint™-’* u> hvlxw. 
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mg body resists any force lending to change 
liio direction of its axis of rotation. To insure 
the torpedo's following a desired direction, it 
is only necessary then to point the axis of the 
gyroscope in the proper direction before launch¬ 
ing the torpedo. The size and effect ire range 
of torpedoes have been greath - increased within 
recent yeans. Those of late construction are as 
much as 21 inches in diameter, 16 feet long, 
have an extreme range of al least 10,QUO yards, 
or nearly 0 miles, a maximum speed of at least 
36 miles per hour, and carry a charge of as 
much ns 300 pounds of high explosive. 

EXPLOSIVES V8El>, 

Lntil recently, dynamite and guncotton have 
been the principal explosives used in submarine 
warfare, but there is reason to believe that some 
of the important countries have adopted for 
that purpose the explosive trinitrotoluol or 
other similar explosives. Dynamite has the 
advantage) of cheapness and ease of ignition. 
Its disadvantages ate changing sensibility when 
freezing and thawing, and sepamt ion of the 
nitroglycerin from the absorbent if the dyna¬ 
mite becomes wet through leakage in the mine 
case. Guncotton has usually been employed 
wot, in which condition it is safe and insensi¬ 
tive, but can bo detonated only by means of a 
priming charge of dry guncotton. The chief 
object ion to guncotton is the danger in liandling 
the dry primer, and its liability to become 
accidentally wet and thereby prevent the func¬ 
tioning of the mine. Trinitrotoluol has the 
advantage of being safe to handle and of not 
being affected by contact with water. 

isolation of uaqazines. 

There b no general law in this country pro¬ 
scribing requirements as to the character of 
magazines for storing explosives, nor as to the 
Location of storage places with respect to 
dwellings, although there are usually Slate 

1014-js 
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laws and local police regulations governing such matters. At the 
instigation of the bureau of explosives of the American Kailway 
Association, a committee was appointed by the manufacturers of 
explosive to make an exhaustive study of all the data that could 
be eoUocted the world over to show the damage that had resulted 
from explosions. Data were thus collected relating to over 130 ex,- 
plosions, From these data a table was prepared to show the dis¬ 
tances that, according to the quantity of explosives involved, should 
separata storage magazines from inhabited dwellings and railways. 
It was assumed that such magazines would bo provided with an arti¬ 
ficial barricade, or would have the advantage of a natural obstacle 
screening the properly to he protected, otherwise the distances given 
in the table should be doubled. 

The following extracts from that table show the distance recom¬ 
mended for certain quantities of explosive*: 


'JitnlaULv ftf 
►F[i!cnlTna 
llfirtd, 

I'mpwfld AihitI- 
can d hcanf* >. 

Inlmbtiod 

hulMino. 

fuHic 

tmlhraf. 

Cmud#. 

im 

m 

1,000 

so. «n 
t», oon 

3on,0» 

»rf- 

400 

m 

tso 

ma 

i.«fl 

1,8* 

1, 7.'*5 
V,4&5 

Fnt. 

110 
240 

470 

H3 

m 
l h im 
! t 055 

3,0?* 


It will be noted that a barricaded magazine is considered safe with 
reaped to inhabited buddings at a distance of 180 feet for 100 pounds 
of explosive and at 3,455 feet, or about 0.0 of a mile for l h DOO,QQO 
pounds. The distance here indicated os safe means that at which 
no scions structural damage will be done to build mg*, although giruss 
may be broken and plaster shaken down. 

The recommendations of the committee have not yet been sanc¬ 
tioned by law, hut it seems probable that they will be given great 
weight in any judicial procedure involving questions as in safety of 
location for storage magazines. 

shipment or imoum 

Under authority granted by Congress, the Interstate Commerce 
Commission has made regulations, binding upon shippers ami common 
carriers, for the transportation, nf explosives in interstate commerce. 
The penalty of a possible fine o£ S2,0fi0 and IS months' Imprisonment 
is prescribed by law for a violation of these regulation. The shipper 
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must certify on his shipping order that the explosive offered by him 
is in a proper condition for safe transportation and that it is packed 
and marked as required by the regulations* The regulations require 
that the cor used for shipment of certain classes of explosives bo 
placarded to clearly indicate the character of the contents so as to 
insure greater care in switching and the avoidance of placing such a 
car in a dangerous position in a train. 

EXPLOSIVES IX a AGO AGE. 

In order to prevent I he carrying of explosives in personal baggage 
or on passenger ears, the law makes this a criminal net, and subjects 
the guilty person, when detected, to arrest and prosecution. There 
is prescribed a maximum penalty of imprisonment for 10 years for 
anyone convicted of this crime when death or bodily injury results 
from the illegal i ransportation of explosives. When no injury re¬ 
sults, the maximum penalty is 18 mouths' imprisonment and a fine 
of $2,000. 




CLIMATES OF GEOLOGIC TIME . 1 


Jly Charles Schuchkiw, 


The ancient philosophers imagined that the earth arose out of 
darkness and chaos and that its present form and condition came 
about, gradually through the creative acta of an omniscient and 
omnipotent Goth Certain Greek philosophers tell as that the 
world had its origin in a primeval chaos; others that it arose out of 
water or an tdl-pereading primeval substance with inherent jmwer 
of movement; that the energy of this primal matter determined heat 
and cold, and that the stars originated from fire and air. It was 
Empedocles (492—13*2 B. 0.) who first told us that the interior of 
the earth was hot and composed of molten material, an opinion ho 
formulated after seeing the volcanic activity of the Sicilian Mount 
Etna, in whose crater he is said to have met his Tate. 

The geology of to-day still leaches that the interior of the earth 
is very hot, but that the material of which it consists U ns dense 
and rigid as steel, and tliat little of the interior high temperatures 
attains tho earth's surface because of the low conductivity of the rocky 
aiid far less dense outer shell. The older geologists believed that 
this shell originally was thin, and lirnt therefore much heat was radi¬ 
ated into space, this idea being a natural result of the Laplacian 
theory of earth origin. In other words, they held that the earth 
was once ft very small star which in the course of the eons gradually 
cooled and formed a crust. Therefore it wan postulated that, because 
the crust, formerly must have been thin, life began in hot waters 
and the climates of the geologic past were hot, with dense atmos¬ 
pheres charged with far more carbonic acid and water vapor than 
they now hold. Tire present type of climate with zonal belts of 
decidedly varying temperature and polar ice caps was thought to 
bo of very recent origin, resultant from a much thickened rocky 
Crust. All of these conceptions are now greatly modified bv the 
plane tesinml hypothesis of Profs. C hamberlin and Moulton, which 
teaches of an earth accreting around iv primordial cold nucleus 
through the in falling of small cold bodies, the planetisimaR alt of 

1 IfessnretrHl by ja-rmbikrfL, nftef irrbSrti by ll» hqUhw. Tho artitia flm §p jxwd u dupttrfi Id The 
aiBaiidc by EUrtrtsrth Efnoiiagttifl, I9U. $p. JsA.i&j Kufalk&tal by Hib Cum *J t Institution of 
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this ttu&toml being derived from & Hfxli&l nebular tii&se formed 
through lIir close approach of two large bodW As the uudear earth 
grew in dunension^r m abo wan mcrraftnl the griivit&tiiv pressure, 
gradually developing central heal which spread to tin* surface aiul 
the re broke out in a long period of volcanic activity- 

Ollt knowledge id glacial rfhimU* hud its origin in the Alps, the 
land of magnificent scenen and marvelous glaciers, through, the 
work of Andreas Scheuzer, early in the eighteenth century* This 
was at first only a study of the interesting local glaciers f but out 
of it gradually came about, especially through the studies of De 
SausSfloLre, Uugi. Venetz, Charpeutier. Scbimper r mid Louis Agassiz, 
the application of conditions observed in the Alps to the wry widely 
distributed foreign bowlders known as erratics and the he tern- 
ge neons accumulations of sauds 3 days, and bowlders culled tills* 
The engineer Vonela In 182] pointed out that die Alpine glade re 
hail once been of far greater size, and that glaciation had been on 
u scale of enormous magnitude in soma former period. By degrees 
die older conception that the erratics and tills were of flood, river, or 
iceborg origin gave way tu the theory of colder eihimtes and gkoieig 
or contiiieutal extent. It was shown that the reduced temperature 
was finally succeeded by greater warmth, and that in the wake 
of the melting glaciers the land was strewn with erratics, with thick 
accumulations of heterogeneous rocks deposited at the edge of ice 
sheets and know n as moraines, and with, great fans of bowlder clays 
and sand*, all of this being Lin? diluvium or deluge mule rial of tin- 
older philosophers ami llie drift or tdld of modem students of earth 
ticicnoe. 

Throughout more than a century of study we have learned how 
glaciers do their work anil what n'riults art 1 accomplished by tlieir 
motion j j 1 1 is the action of temperature, air, and water. The present 
geographic distribution of the glaciers, together with tlmt of the 
glacial deposits, shows ua lliat during the Pleistocene fir glacial 
period tito (HiLijwrature of the entire earth was lowered. Wo also 
know tlmt (his cold period was not a uniformly continuous one but 
tlmt during the Pleistocene there Were no less than four intermediate 
warmer climate?, so warm indeed that during one of them Mens mid 
hippopotamuses lived in western Kun>po along wiili primitive inm] 
Wo may now lie living in another interglacial wtnii period, though 
more probably wo are just emerging from the Pleistocene’ice age 
f igure 1 gives the known distribution of Plektocene glacial materials 
With the reduction of temperature, groat variatjong h^o tpo |- 
in the local supply of moisture, in the number of dark days and b, 
Lhf) air currents- How great fe changes wore in Pleistocene 
time I* now being wealed <o us through the work of the colorist* 
paJoontologistg, and ethnologic of Europe, where this record Ufw 
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mure detailed dum in North America, These observations picture 
ii fierce straggle on the part of the hardier organism* against the 
colder climates, a blotting out of those addicted to confirmed habits 



and to warmer condition*, mid a driving southward of certain ele¬ 
ments nf llie- Ilota ami fauna front tile glaciated into the fionglacmted 
regions. The result was the disestablishment of the entire organic 
world of the Pleistocene lauds other than those of the Tropics* Mura 
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than once man and his organic surroundings have been forced to 
wander into new regions; the life of cool to cold climates has dis¬ 
possessed that of milder temperatures, and -with each moderation 
of the climate the hardier floras and faunas have advanced with the 
retreating glaciers or become stranded and isolated in the mountains. 
As the organic world is dependent upon sunlight, temperature, and 
moisture, it is not difficult to see why these name factors are essential 
to man and bis civilization. 

FRRUIO GLACIATION'. 

Hardly had the Pleistocene glacial climate been proven when 
geologists began to point out the possibility of earlier ones. An 
enthusiastic Scotch writer, Sir Andrew Ramsay, in 1855 described 
certain ku? Paleozoic conglomerates of middle England, which be said 
were of glacial origin, but his evidence, though never completely 
gainsaid, has not been generally accepted. In the following year an 
Englishman, Dr. \\. T. Blanford, said that the Talehir conglomerates 
occurring in cent nil and southern India were of glacial origin, and 
since then the evidence for a Permic glacial period has been steadily 
accumulating. The land of ancient tills {liliilos of geologists) ia 
Africa, and here in IS70 Sutherland pointed out that the conglom¬ 
erates of the Karoo formation were of glacial origin, and, further, 
that they rest on a laud surface which has been grooved, scratched, 
and polished by the movement of glaciers. Australia also 1ms Permic 
glacial deposits. It is only very recently that the evidence found in 
many pin res in the Southern Hemisphere lias become widely known, 
but so convincing U this testimony that all geologist* are now ready 
to accept the conclusion that a glacial climate was as widespread in 
Pei mio Lime as was that of the Pleistocene. This time of organic 
stress, curiously, did not affect the polar binds, but rather those 
regions bordering the equatorial rone, white the temperate and arctic 
zones of the Northern Hemisphere were not glaciated, but seem to 
have had winters alternating with summers. The lands that were 
mom or less covered with snow ami ice lay on each side of the equator 
that is, roughly, from 20° to 40° north and smith of this line, ns may 
b* aecn \n figure 2. ' J 

Geologists now accept the geographical occurrence of liflitc deposits 
formed in early Piimuo time as follows; Throughout South Africa 
(widely distributed and with much fossil evidence, thickness of tilhtts 
up to feet t; Itismunis; western, southern, eastern, and central 
Australia (tilhles up to 1,300 feet thick, both land and marine font)' 
peninsular and northwestern India; souther tern Brazil (of wide 
distribution, with land Horns and some marine invertebratesl* 
northern Argentum; ami the F alkl a nd Islands, “it miiy bt , 
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that the plant beds of th o Gondwnn* associated with I he glacial 
deposits found near Herat (Afghanistan) arc much like beds found in 
Russian Turkestan and Elburz, in Armenia, suggesting a still further 



extension to the west (of India), and that n probably glacial conglom¬ 
erate is known from the Urals/ 1 (Coleman. 1908a: 350.) Heritsch 
records the presence of tillites in the Alps and Freeh points out that 
a scratched surface occurs in the Ruhr coal Held of Germany f on 
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which the Roihllegende rests* (Freely 190S: 74.) 'The Roxbury 
conglomerate 1 , with a thickness of 500 to 000 feet, occurs in the vicinity 
of Boston and is Interpreted aa a lilHte* (S&jles and La Forgo: 
723-724.) Then, too, the Lower Formic (ttuntsimdstein) of western 
Europe h now thought to indicate noL only an arid but probably also 
a cool climate. 

The greater part of these glacial deposits is ground moraines or 
morainic material carried by the land ice into the sen* Their wide 
distribution in the Southern Hemisphere clearly indicates that gla¬ 
ciation there was as effective m earliest Formic time as was that of 
the Pleistocene of the Northern Hemisphere. This Pcrmie glaciation 
caused the development in ibe Southern Hemisphere of a peculiar 
hardy flora—the Glossopteris flora—of which very little is known in 
the Northern Hemisphere* Of this cold-climate flora the invaders 
and advance migrants arrived in Asia and Europe not before Middle 
Fermiy time. 

In Africa twd India the glacial condition appears to have been con¬ 
tinuous during early Formic time, and there b m yet no convincing 
evidence here for interglacial warmer climates such us occurred in 
the Pleistocene, In Brazil p however, the evidence appears to indicate 
one warmer between two colder periods, and in New South Wales 
there is evidence of a series of recurrent colder and w armer donates. 

In Africa, in the southern Dwyfcu region, there in nlso some evidence 
for interglacial warmer periods* (Coleman, 1908 a: 360.) 

DEVOyit: GLACIATION. 

In South Africa there occurs, beneath Lower Devonie marine strata, 
the B ( fH)0-foot-thick Table Mountain scrips, essentially gf quartzites 
with zones of shnlra or slides, which has striated pebbles up to 15 
iiu hi-s Imig, found in j mi. kefs and seemingly of glacial origin. There 
an' here no typical tallites, and no striated undorgrounds have so far 
beou discovered* Whilo the evidence of the deposits appears to favor 
the conclusion that the Table Meuntain strata were laid down iti cold 
waters with floating ice derived from glaciers, it is as yet impossible 
to assign to these sediments a definite geologic age. They tim cer¬ 
tainly not younge r than the Lower Devonlc, but It has not yet been 
established to what period of the early Paleozoic they belong. 

Elsewhere than in Smfk Africa fete Silurie or eoriy Devonic tillitoa 
tre unknown. It is d^ihiblo ham, however, to direc t attention to 
the supposed tiUitea mentioned by Hams ay and found in the north 
of England hi the Uppfer OUi Red Sandstone of late Dcvonic t ime 
neikie (1003: 100 l p 1011) stilly ihaL this u snbongnlar conglomerate 
or breccia recalk some glacial deposits of modern time " Jufccfl- 
Bmwit in bid book. The Building of the British Isles, 10n writer of 
arid Devonic dimsto, but dot** not mention liHites or gU-ial climate 
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C'AUBItlC GLACIATION* 

Unmistakable ti Hites , thought to be of earliest Cambric age, have 
been described by Howi-hm and David from southern Australia and 
by Willis and Bhekwelder from China, In both eases the evidence 
as to age h open to question, m the t dikes are cither sharply sepa¬ 
rated from the overlying Cambric deposits or these strata have no 
fossils to fix their age, thus leading to the inference that the tillifcei 
are more probably of late Proterozoic time* In are tie Norway occur 
other tiUitcs at the base of the thick Gaisa formation. These deposits 
also were formerly regarded as of Paleozoic age, but Norwegian 
geologists now refer them to the Proterozoic. All of these tillites 
are best referred to the vast era previous to the On rubric period* 

LATEST PISQTEJtOZOlC OLAt’lATIOSf* 

AwtruUa. —-In southern Australia, conformably beneath marine 
and foaaiiiferous Lower Cambric strata but sharply separated from, 
them, occur tiUites of wide distribution. They extend from 20 miles 
south of Adelaide to 440 miles north of the same city, with an eaat- 
and-west spread of 200 in Elea. Bowlder clay has also been discov¬ 
ered on the west coast of Tasmania, The tillitea range in Lhickneas 
from about GOO to l,500 feet and occur at the top of a vast pile of 
conglomerates, grits, fcldspnthk quartzites, slates, and pin lUtes, 
whose exact age is unknown because as yet no fossils have been 
discovered in them. (See lig. 3.) 

According to Howehin, the tillite consists Vmajnly of a ground- 
mass of tins t ratified, indurated mudstone, more or less gritty, and 
carrying angular, subaugular, and rounded bowlders (up to 11 feet 
in diameter), which aro distributed eojifysedlj" through the mass. 
It is in every respect a characteristic till^ (1008: 230)* The first 
scratched bowlders were observed in I90l f and now they are known 
by the ^thousands” (David). They range in size tip to about lb 
feet long. So far no striated underground or ghwiateri Door has 
been discovered, mil both nowohin and David hold that the tillite 
wusformed at or near sea level in fresh or brackish water with Boating 
icebergs. The rocks of the tills, David thinks, came from the south* 
The tillite is now found from below sea level to about J.OOO feet 
above the sea* These til li tea and all of the enormous mass of coarse 
deposits below them, which is nt least several miles thick, the Aus¬ 
tralian geologists regard as of Lower Cambric age, because overlying 
ihem occur fossils of this time. The contact between the tillite 
and the marina Cambric Is always a sharp one, loading to the inference 
that (he sea of this time transgressed over an old flat land. Under 
these circumstances deposition wsie not continuous, fur die geologic 
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section Ls hero broken between the tillito and the Cambric deposits, 
indicating that tbe ago of the former b rather Into Proterozoic than 
early Paleozoic. From the evidence of tho Trover Cambric life, to 
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be presented later, we shall see that the water* of this lime the world 
over, were of tropical or subtropical temperature, conditions not ut 
all m harmony with the supposed glacial climate of earliest Cambric 
lime. 
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Arctic Nonmy. Aa long Ago as 1S91, Dr; Reusch described unmifr- 
talcable tillites in tho Guisa formation in latitude 70° N. along the 
Yarnnger Fiord of arctic Norway. Similar deposits arc also known 
farther east on Kildin Island, and on Kanin Peninsula at Pae. (Ruin- 
say, 1910,) At first the ago of thew deposits was thought to he late 
Paleozoic and even Tnasuii^ but the Swedish geologists now correlate 
the Gaim with tho Sparagmite formation; one of tho members of tho 
Sevo series. As the latter is overlain by tho Lower Cambric fauna, 
it appears best to refer the Gtdsa formation to the top of the Pro¬ 
terozoic series. The liUite occur? at the vary base of the Guise for¬ 
mation and overlies tho ancient and eroded granites. S trail an 
reinvestigated the area originally studied by Reusoh and his desorip- 
tion of the geologic phenomena must convince anyone not only that 
here are intercalated thin zones of sandstone and tillifco in a series of 
ml shales (these may indicate warmer and arid interglacial climates), 
but. as well that the tjJlite mis upon a striated sandstone, the very 
ground over which the glacier moved. Stratum further states that 
u the Giiisii Beds, so far as I saw them, do not suggest the immediate 
neighborhood of a mountain region, for such conglomerates as they 
contain arc neither coarse nor plentiful(1897:145), Again we 
have the evidence of tiliitcs formed on low grounds and not in the 
mountains. 

UNDATED PROTEROZOIC OUltCIATION, 

The following occurrences of lillitos do not appear io be of latest 
Proterozoic lime, m do those of Australia and Norway. They are 
therefore held apart under a separate heading from the tillites of 
earliest and l&tost Protcroroic time. 

North America* —Prof, Cabman states that 11 Dr. Bell reports 
bowlders reaching din met cm of 3 feel R inches, having grooves like 
glacial strisD, in a conglomerate with sandy matrix belonging to tho 
Keweenaw an of Points aux Mines h near the southeast end of Luke 
Superior. Messrs. Lane and Seaman describe a Lower Kcweoimwan 
conglomerate as containing 'a wide variety of pebble and large 
bowlders, in structure at times suggestive of till/ front the south 
shore of Lake Superior" (19QSL 

India ,- — In peninsular India occurs the tvadnpah system, which, 
according to Ymicnburg, is made up of several geries separated from 
one another by unconformitiejs, Tho Lower Kadapah is of Protero¬ 
zoic age and the Upper Kadapoh m certainly older than the Sllurio 
and probably even than thy Cambric. In the Upper Kadapah occur 
^remarkable conglomerates or rather bowlder beds consisting of peb¬ 
bles of various sizes, some of them very large, scattered through a 
fino-gniLuix! slaty or study matrix, * * * These peculiar bowlder 

beils are regarded as glacial in origin'' (1907), 
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In Surd ft occur* the Rlaini formation. also with bowlder bods, the 
Eign of which, according to Holland is certainly older than the Formic 
Hiul possibly of 1st® Proterozoic time. It is “a conglomeratic sluts 
composed of rounded pebbles of quarts, ranging up to the wiae of r 
hen's egg, or in other cases angular and subungidar fragments of slate 
and quartzite, of all sizes up to some foot across, which are scattered 
at intervals through a fine-grained matrix.*' Holland regards these 
bods as “almost certainly of glacial origin.” They tuny eventually 
bo shown to bo of lata Proterozoic age. 

Africa .—-In Proterozoic strata, far beneath the Table Mountain 
seeks, of probably late Silurie or early Devonio age, is the Griquutowu 
or Pretoria aeries (20° S. lufc.) , in which glacial materials have been 
found. At present no definite age in the Proterozoic ora can lie 
assigned tins formation, nor can it be said that the glacial horizon is 
either that of tho Lower Huronian or of the latest Proterozoic time. 

Chinn ,—In the Provinces of tho middle Yangtze River of China 
(110° E. long, and Ml 0 H. lat.) Willis and Blackwelder (1007) found 
resting u ((conformably upon vary ancient granite and gneiss a aeries 
of quartzites followed by at least 22(1 feet of an unmistakable glacial 
lillite (in places nearly -KM) feet thick), green in color, which is in (urn 
overlain by unfossilifenous limestones over 4,000 foot thick. This lime¬ 
stone Willis correlates with the fossiliferous Middle Cambric occur¬ 
ring 100 miles away, and the lillite beneath, it is thought to have 
formed “clean to sea level.” The ago of these tillites is conceded to 
be at least os old as tho Lower Cambric, bul when we note Lhat Lhe 
rillite change* quickly into the overlying limestone within a few feel 
of thickness, indicating ft probable break in sixlimunLaLinn between 
lhe I wo aeries of deposits, and the further fact that the overlying 
limestones Ubvb yielded no fossils, wo sou that those glacial deposits 
are as yet unplaced in the geologic column. Prof. Iddings rest ur lied 
these rillitce in 1903, and ho likewise could find no fossils in the lime¬ 
stone. For tho present the tiilites are referred to die Proterozoic. 
What their distribution has been in China is as yot unknown. 

Srotitmd. —In the northwest of Scotland are seen some of tho oldest 
rocks known to the geologists of Europe. The basement formalions 
make up the Lewis! an series, comparable to tho Laurent inn of Ameri¬ 
can geologists. Upon these old gneisses and schists, mainly of igneous 
origin, reposes uneonfornmbly u great pDo of dull rixi sandstones, 
shales, and conglomerates, referred to us the Torridonian, that Peach 
states were laid down " under desert or continental oobditions” (1912), 
These attain a thickness of at least 8,000 to 14,000 feat, and ara*in 
turn overlain un conform ably by Lower Cambric strata having the 
Inhibit* Olsnollus and related genera. Tim Torridonian was laid 
down in part upon a mountainous topography of Lcwisian domes 
strikingly suggwtive of glacial erosion* 
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In wps! pm Sutherland and Russ, Giekic states that the observant 
traveler must bp struck by the "extraordinary contour presented by 
the gneiss, A very slight ex o min at bn shows that every dome and 
bns.f of rook is ice worn. The smoothed, polished, and striated sur¬ 
face left by ihe ice of the glacial period is everywhere to he recognize* E. 
Each hummock of gneiss is a more or less perfect roche mnutonntfe. 
Perched blocks are strewn over the ground by thousands. In short, 
there can hardly be anywhere else in Britain a more thoroughly typical 
piece of glaciation” (1SS0). 

Over this eroded and smoothed ground was formed a coarse reddish 
breccia with many of the stones decidedly angular and “sometimes 
stuck on end in the mass, 1 ' Some blocks arc “fully 5 feet long 1 ' btiL 
none were found to be scratched or striated. The breccia “is quite 
comparable to moraine stuff.'' The materia) came from a land that 
lav to iho northwest and that lias since sunk into the Atlantic. 

EARLIEST PROTEROZOIC GLACIATION'. 

Canada.- The oldest known liBile was recently described by Prof. 
Coleman. (See %, 3.) It occurs art the base of the Lower Tiuronkn 
in the so-called “slate conglomerate," and therefore near the base of 
the geologic column accessible to geologists. These conglomerates 
are found “from point, to point across nil northern Ontario, a distance 
of nearly 800 milos [now placer! at 1,000 miles] and from the north 
flhor* of Lake Huron in latitude i& 0 to Lake Nipigon in latitude 50° 
[new placed at 750 miles]." “The appearance of these so-called 
alaro or graywackc conglomerates is closely like that of the Dwyka 
bowlder clays of Africa” (1307). They rest on various formations 
older than the Huronkn, an “undulating surface of low lulls and 
valleys, the conglomerate often more or less filling in these valleys." 
A scratched or polished underground has been found in throe places, 
hut as a rule such are not Steen because of the unfavorable conditions 
for their display. The evidence of tho Lillhea It in favor of the view 
that glaciation in Huronian Canada was not “the work of merely 
local mountain glaciers,” hut rather duo to “the presence of ice 
sheets comparable to those which formed the Dwyka. * * * 
This implies that the climates of tho earlier parts of < ho world’s lustory 
were no wanner than those oflater times, and that in Lower Iluronmu 
times the earth’s interior heat was not. sufficient to prevent the for¬ 
mation of a great ice sheet in latitude 46°." 

CLIMATIC EVIDENCE OF TTIK SEDIMENTS. 

During iho past 10 years it has become evident that the color of 
tho delta deposits of geologic time, and especially that of continental 
deposits, is to be connected largely with differences in climate. 
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This eviilenrc*, however, is as yet tlifiiciilt of interpretation, bwaut* 
the climatic factors are not easily separated from those due to topo- 
craphic form. All that can l«? done now is to call attention to the 
marked changes in sedimentation from the gray* green, blue, and 
black colors to the red beds which are an often also associated with 
coarser materials. Barrell states: 


The <±W* fom th- red b<*U at the CatiMU formation, Eeverol dM,uamd feet mi 
tJikknn*, to the c «y Pa»M aoditima v,itb a niwunum thiekaw* ofl .300 tuUW 
leet then to ih<< shmrp^ contorted red il»tW and mittLifotu* uf the Maurli < hunk, 
3,000 feet in taailmum thicks. and b«k to the m^ive white 
the PetOfv tile cuncbmerato. 1,200 feet in maximum thickness, followed b> Uie real 
mittEUics, are all the result at incnswitigly wide awinffs of the rlunatir pendulum 
which carried the world trim Upper Devonian warmth ai«l semiandity Or Upper 
Uarbonilertnw recrlne^, humidity, and uladation (1008). 

Iii regard to tho significftnoe of gray to blurb formations Burrell 


states: 


Whore a whelo formation* rupnecnitiiag an ancient flood phim or delta, thtywa in ito 
uow«ttcmJ portions an absence throughout <4 the eufom duo to x»n Qttaft, find a 

variable prince .1 nut.. ij,e **>> t.* black, the inference in lh»> the fornurtiun 

accumulated under a eontimiouBly rainy clhm tu or ono *wh in Urn to ivvsm 
wAm Hiflkiantly cod or cold to prevent noteworthy mpot»*icm; suck climates w 
oxiit in Inland, Iceland, or western Alaska. 

On llie Ollier hand, the red colors hi stratified rocks are in general 
due to arid nnd warm conditions,, 

Turning fcj the climatic *%iiilicaiicy of rod, it would therefore m PP™* ho\h fn-ni 
thm>reti<*l iwiderolk-nH and seah^Lcai obwrvmtunw lhai tho chief condition for (hi? 
furniAtiim -if ml drab* and amdiAonva in merely tho alienation of wa^of wanntb 
and diynces with enu»iM nf 0*od, by mcuuof which hydration, but especially osiiia 
umi of the flOTagura* oiMcmfl i n the A< « tbplain dojK *tte is ■ecumplhhcd. * * 4 
The annual wetting, drying and i.sMalinn u»L only docompow the vminxl iron 
raiiimlfl, but comptotoly nuuvw all traces of ™rb m 1 f this CondwfriL be o w% 
fiH j of saodututLeJ, an dbuim i from red msid and raktid, may originate! under 

mtermittently raiov, rabffllth or arid climate without any clwte retina to tomperar 
ture and typically as fluvial and pluvial deptaum upon the bad, tfumgh to a limited 
oXtmt ilLiviatik 1 aodimeata coming to rest uprm. the bottom of tin? shallow “ca. The 
ortete of with pediment in niufrt favored by climates which are hid and alternately 
wet and dry su* opjwwd to climates which are either coneiaully cool or conirtantly wet 
tir eEmstantly dry. 


Eotl sandstones mid sandy ahsles recur at many horizons in the 
Atri firiftan Paleozoic strata nnd markedly m at the close of the Ord<v 
vicic, Siluric, Devonic, Lower and Upper Carbonic, nod early Pcrmic. 
The custom Triussic IilhJsj ujhI those of the Rocky Mountain are 
neurlv werywhcrc rf fc d throughout^ and there ia conoid era bio red 
color In the Lower Cretacic (Mormon nnd Kootenay) of the Great 
pi rim area. Tlicn^ tt>o* there ure mauy red beds in the Proterozoic 
of America m well ns of Europe. Between ihese zones of briDiant 
slrntA are the fur more widely distributed ones of grays nnd darker 
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colors* and these arc the deposits of the times when the orouns have 
most widely transgressed the lands P and therefore the times of greater 
humidity* The maximum of continental extension falLs in with 
red depths tvnd more or less arid climate* (See curve for aridity 
in fig- 4, p. 305.) 

TO LOAN tO OUST AS A CLIMATIC FACTOR. 

Tw^ Interesting papers on the subject of volcanic dust as a 
climatic factor have recently appeared- These article^ which are 
by W. J* Humphreys/ should bo read by every student of pateo- 
meteorology. The following are the conclusions reached: 

[Vulcanic dual in the upper atmosphere law been one of] several rauMbutlng c*<iwa 
cl e limit lie change, * * * m cause ilmL during historic tfme= W often beea fit¬ 
ful ty operative, and concerning which we have much definite in format iu el. # 

At im elevation that t» middle latitude averages about 11 kibtnotera the lempira- 
lu^e w\ the ntmi.-fplii ro bcunmes substantially constant, or, in gout nil, cesses upprt- 
■ulably to decre&ac with of elevation, thi- Ls theref"^. the upper limit of 

distinct vettftnl conTKtbft and of cl-«sjd formultan. Hence, whltt* vnlomic or other 
durtt in the linger . c cloud ngtmi r>f the atiuusplieru Lb quickly washed out by mow 
,-r nun, thiit wbii-h by any pruoMfl happen? to pt into the upper .>r i*jthermal region 
msiL-1 continue to drift l here until gravity qii hr Nip it down to tllu level of |i as-i i ir 
iflyniu, In other ward*, while ihcWi^^tmaaphere in quickly cleared of any given 
(supply of dtwt, the i*i thermal retains such du-*t a» it may have for a time that 

dvpoado upon the juio and density of the individual dunt particles themselves, nr 
■up,n ibe rate of Dill, * * * Volcanic diwt Office in iho upper atmo^herf muet 
remain in it fur many month? and be drifted out, Jmin whatever nriglfi, Into a thin 
veil covering porfiaj* the entire earth, # * * A veil of volcanic dust must pfi> 
dure an inverw? greenheuw effect, and il Sunn continued, should perceptibly lower 
our average lem pereturc, I rt us eeo then whm observational evidence wo bra mi 
tin.' E-nfoct of volcanic duet on Insolation intemdty anti average temperature*. 

IVhelinmotric record* [show] that there wm a marked decrease in the mrelatimi 
lot. "iL-i tv En.m the Utter part of 1SS3 i,tho year thi* kind vi observation was began) to 
and inchidLug 1&9£, from ISKli to IS92, and during lr*03, There has also been a HiiniUr 
decree tfinp(! about the middle d 1312. Now all tin**' of inflation inten¬ 

sity,. amounting at times to 2® per cent of the average intmuity\ fuUnwed violent vut* 
rank mi piiims thal filled I ho h»lhornml rs^piu is wiiha great quantity ufdurit. * * * 

It appear* quite certain Unit volcanic duat can 3<jwtv the average temperature of 
liic rartb by em amount that depends upon the quantity and duration of the dunt. 
and thai it repeatedly ha? lowered It certainly from 1® F. to 2* F_ for periods of from 
a low months to fully three year*. Hanca it certainly ha* In^ji a faclor, in determin¬ 
ing our past climates| and premUDSlblf may often bo a factor Lu the production of rmr 
future climatce r Nor doe? it any' great volume of dtL-t to produce a marked 

effect Thus it can bo by a simple radculatlnn that lore ikon tho nne-Lht^usaud ill 

part uf a cubic mile of reck spread uniformly tbreugh fhu upper atmo^bere as vnl- 
tanic du*t would uveiywhere decrease the average intensity of insolation received 
at the mi face of the earth by at lea*! 3D per cent and therefore would, presumably p if 
bug crmtinned, decrease our average temperatures by Bovtnil degrees. 1 1 * This 

i A oiTaiTnvrr pap«r ap^ltn! flnt. enUM “ VokMsk dint b hftor la tb« [iroilucLtia Of dJoia-lic 
rhansw/' WuMbehu Aeod, Srt, 3 t liia: 3$5-tf71, The camp le article u * Volcanic dim n^i 
other Lictsra in the porfucE l^a e f cEtmAtla eh&n% M i and tb«dx poulhle illation to iee upta-,^ OuEL H t, 
WtoihKf Ub»rv, t WnztfnEUra^ *, Ft. 1. tffij l^l. 

731-fl'— *M 1014-10 
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rffcct bi bem dtetfy traced biurk to 1W0, nr v> the lime of the earliest reliable 
Hence it is s*fa to ny that such a refatt.m I * ween volcanic dn-'t ui the u pjwt 
ebmosplium wul avenge temperatures of the lower ntncKpher* lus always iifataim*! 
and therefore that volcanic du*t murt have hwn a factor, peasihly a vary uapartaiil 
one, in the pndncttai of many, perhaps all, port climatic changes. 

The lotvmdty of the solar radiation at the surface of the earth depnda up?n not 
ciulv the dnatincss ol the earth’s atmosphere bat also upon the dnstinc*, and el wnr* 
the' U'tapcratiue, of the K .far etmwphe™. Ohvimwly duet in the sun's envelope 
mult mote or lev idiot in pilar radiation just os and in the auto manner that dnst in 
the earth’s envelope shuts it mil. Hence it follow that when thin dart b 
other thinpts hein# equal, the output of mlar energy will bn least, and that when the 
dust is tcart, other thins* heing equal. the imt|Tiit of enmgy will tw irrait^r Not 
onh- may the intewily of the emitted radiation vary bwauw t.f tdwbgta in On- trails 
pan-nry ef the solir atuiosphcn; but also because of any variation* in the tom penal uro 
nf the effective wiiur surface which, it would ptHun, might well In* hottest when tiK’St 
agitated, or at the times nf spot maxima, and coolest when most fdtKSDt, or at iho 
tim i^5 thf hjw; 1 1 miuium. 

EIOUX1IC KV11»KS€E. 

In ths previous pages them has bwn piK-sentfld the evidence for 
cold climates during geologic times ns furnished by the presence of 
the various till]tea. Thin presentation has nbo been made front iho 
standpoint of discovery of the tillilos, which iu gonoml is in harmony 
with geologic chronology, i. e., the youngest tiflttes were tho first to 
be observed* while t he most imrtent one has been discovered recently. 

Variability of climate is a bo to be observed in the succession of 
pi unto mi el muniab us recorded in Llit- fossils of the sedimentary rocks. 
In this study we arr guided by the distribution of living organisms 
and the postulate that temperature conditions have always operated 
very much ns they do now upon tho living things of the bind and 
waters. In presenting this biologic evidence we shall, however, 
begin nt the beginning of geologic time and truce il to modern days, 
for the reason that life has constantly varied and evolved from the 
more simple to the more complex organisms. 

Proferoaiic, — The first era known to us with sedimentary forma¬ 
tions that are not greatly altered is the Froteroxoic, a time of enor¬ 
mous duration, so long indeed that some geologists do not hesitate 
to say that it endured na long as all subsequent rime. These rocks 
are best known and occur most extensively over the southern half 
nf the groat area of 2,000,000 square miles covered bv the Canadian 
shield. Thom were at least four cycles of ruck making, each one of 
which, iu the area }nst north of the Grout Lakes anil the St. Lawrence 
River, was separated frwn the next by a period of minimum making. 
These mountains were domed or britholithie masses of vortical uplift 
due to vast bodies of deep-seated granitic magmas rising beneath 
ami into the sediments. In tho Grenville area of Canada, Adams 
and Barlow (It) 10) tell us that the total thickness of tho pre- 
proteroxoic forks alone is 94,406 feet, gr nearly IS miles. Of this 
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vftsl muss more tbim hulf (50,286 f(*tj is either pure limestone, 
magnesian limestone, or dolomite, and single beds are known with 
a thickness of 1,500 feet. Certainly so much limestone represents 
not only a vast duration of time but also warm waters teeming with 
life, almost nothing of which is ua yet known. There is further evi¬ 
dence of life in the widely distributed graphites, carbon derived from 
plants and animals, which make up from 3 to 10 per cent by weight 
of the roc ks the Adirondack*. (BitsLin, 1010.) Thu graphite 
occur* in beds up to l^i feet thick, and at OLonetz, Finland, there is an 
anthracite bad 7 feet thick. 

It j* also becoming plain that there was in lb© Proterozoic a very 
great n mount of fresh-water and subuerhd deposits, the son: at fed 
continental deposits, some of which indicate arid climates, Because 
of the apparent dominame of continental deposits and the groat 
scarcity of organic remains throughout the Proterozoic, Walcott has 
t ailed Lliia time the lipaliaa era (1010). 

Wo have scan that tfa© Proterozoic began with a glacial period, as 
evidenced by the tillites of Canada, but that this frigid condition 
did not last long is attested by the younger Lower ! Inroninn lime- 
etemea of Steeprock Lake, Ontario, having a thiokn«Wi of from -500 
to 70U feet and replete with ALikokiiuk, sponges up to L5 inches in 
diameter, and forming reef limestones several fret thick* found there 
by Lawson and described by Walcott (1012)* This discovery is of 
the greatest value, and opens nut a new field for pakontolngin 
endeavor in Proterozoic strata and for philosophic speculation as 
to the time and conditions when life originated* 

We have also seen that the Proterozoic closed with a frigid climate, 
us is attested by the tillitcs of AmtmUa f Tasmania, and possibly 
China h while tlir other glacial deposits of India, Africa, Norway, and 
Keweenaw certainly do in part indicate another and older period of 
cool to cold world climates. 

Cambric *—Due to the researches of many paleontologists, but 
mainly to those of Charles D. Walcott* we now know that the shallow- 
water seas of Lower Cambric time abounded in u varied animal life 
that was fairly uniform the world over in its faunal development. 
It was essential!y a world of mcdtisu?, annelids, trilobites, and brack- 
iopods, anilimb either devoid of skeletons or having thin and nitrog¬ 
enous external skeletons with ti limited amount of lime salts. The 
‘‘lime habit' 1 came in dominantly much later; in fact, not before the 
Upper Cambric. Itowover T that the seas in Lower Cambric tkue 
had an abundance of usable lime salts in solution is attested by the 
presence of many Hyolithra, small gastropods and hmchiopods* and 
more especially by the great number of Archtfocy athin®, most 
primitive carols, which made reef* and limestones 200 feet thick 
and of wide distribution in Australia, Antarctica,, California (thick 
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limratones near the huso of the Waucoba section^ southern Labra¬ 
dor (reefc oO feet thick] F and to a snmlW extent in Nevada, New 
York, Spain, Sardinia, northern Scotland* and arctic Siberia* 

With an abundance of limestone and reef-making animals of world¬ 
wide distribution in the Lower <Yimbric, we must conclude that the 
climate at the time was at least warm and fairly uniform in tempera¬ 
ture the world over. We therefore see the force of a statement made 
to the writer by Walcott some years ago in a letter that “the 
Lower Cambrian fauna and sediments were those of a relatively 
mild climate uninfluenced by any considerable extent, of glacial con- 
diriune,” and! also that "the glacial climate of late Proterossoic time 
had vanished before the appearance of earliest Cambrian time/' 

Toward the dosa of Lower Cambric timo there was considerable 
mountain making, without apparent volcanic activity, going on all 
along eastern North America a ml to a lesser extent hi western Europe. 
These uplifts seemingly had much effect upon tlh? marine life, for 
the Middle Cambric faunas by came more and more provincial in 
character in comparison with the earlier, more cosmopolitan faunas 
of Lower Cambric time. 

The Arc hawyntInna* now vanished, ami their extinction is sug¬ 
gestive of cooler waters; there wm r however, a greater variety of 
invertebrate forms, more lime^eereling invertebrates, and far more 
widespread limestone deposition In Middle Cambric time. In the 
Upper Cambrie the braebiopods, gastropods? eepbulopods, imd bivalve 
eras talons were abundantly represented by thick-shelled fornix* 
and in most places throughout North America there was marked 
deposition of Limestones, magnesian limes tones, and dolomites, all 
of which is suggestive of warmer waters. 

Ordmridc end Silurte. —The Ordovicir sens from Texas far into the 
arctic regions wore dominated by limestone deposits and a great pro¬ 
fusion of marine life that was a bo more highly varied than that 
of any earlier time. The same species of graptoUtca. bra chin] Kids, 
bryozOanB, trilobites, and other invertebrate chesses had il very irido 
distribution, all of which is evidence that at that time the? earth hud 
nuld *nd uniform d iron tea. In the Middle Ordovide and Again 
lute in that period reef corals were common from Alaska to Oklahoma 
and Texas. 

Toward the dose of the Qrdovieic mountain making was again in 
progress throughout eastern North America without significant vtil- 
runic activity, but in western Europe, where the movements were less 
marked, volcanoes were more plentiful. The 8003 were then almost 
completely withdrawn from the continents, and yet when the Si 1 uric 
waters again transgressed the lands we find not only the same gnat 
profusion and variety of life as before, but as widely extended lime- 
stout- drposition. The evidence is again that of mild and uniform 
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diiimtea. W(3 con there fort* say that the Leinpcruturcs of air and 
water hud been mild to war in throughout the world since the begin¬ 
ning of Cambric time, that there was a marked increase of warmth 
in the Upper Cambric, and that these conditions were maintained 
throughout the Ordovitio and the earlier half of the Siluric, since 
shallow-water corals, reef limestones, find very thick dolomites of 
-SiI uric time tin* us common in arctic America as in the lower latitudes 
of the United States or Europe. 

Tiie Siluric closed with un epoch of sen withdrawal and North 
America was again arid, for now ivd shales, gypsum, thick beds of 
salt, and great Hats of sun-cracked water limestone were the dominant 
deposits of the vanishing ssas. The marine faunas were as a rule 
scant and the individuals generally under the average size,. In 
North America no marked mountain making woe in progress, hut 
all along western Europe, from Ireland and Scotland across Norway 
into far Spitsbergen, the Caledonian Mountains* were rising. In 
eastern and northern Maine throughout Middle mid Upper Siluric 
time there were active volcanoes of the explosive tvpe, for here 
Occur vast deposits of ash, 

Dtwtmic — In the aucceedlog Lower Devonic time the Caledonian 
intermontiLnu volleys of Scoduini and north to At least southern 
Norway were Ming with the Old Jted sandstone deposits of n more 
or less arid climate. On the other hand, the invading seas of northern 
Europe were small indeed, and their deposits essentially sandstones 
nr sandy shales, hut in southern Europe ami North America, where 
the invasions were also small and restricted to the margin of the 
continent, the deposits were either limestones or calcareous shales. 
Tint life of these waters was nuile different from that of the earlier 
and Middle Siluric, and entire stocks had been blotted out in Inter 
Siluric time, as is wen best among the graptolites, erinids, brachio- 
pods, ll iu l trilobitoii, while new ones appeared, as the goniatitea, 
dipnoans or lung is-dies, sharks, and the terrible armored marine 
lung I idles, the arthrudireS. 

From this evidence we may conclude ihaL the early Paleozoic mild 
climates were considerably reduced m temper a lure toward the close 
of tint Siluric and that even local glaciation may have been present. 
Refrigeration may have been greatest in the Southern Hemisphere, 
where the marine formations of Devonic time are course in character 
and, in Africa, of very limited extent. Corals wore scarce or absent 
here, ami in South Africa the glacial deposits of the Table Mountain 
soricn nmy Ini of late SUur«<' age; if ho, they hariiionizo with the Cale¬ 
donian period of mountain making in the Northern Hemisphere. 
Warmer conditions again prevailed in the luLicr hemisphere curly in 
Middle Devonic times, for coral reefs, limestones, and u highly varied 
marine life with pteropod aceuiutilations were of wide distribution. 
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On Bear Island workable coal beds were laid down in late Devonk 

urns. 

Throughout the DevcnlCj but mom especially in the Lower and 
MilliiIn Dovonk, the entire area of the Now England States and the 
maritime provinces of Canada was in the throi^ of motmtairi making, 
combined with a groat deal of volcanic activity. At the same time, 
many volcanoes were active throughout western Europe. 

Carbonic ,—The world-wide worm-water condition of the bie 
Dcvomr: seas of the Northern Hemisphorfi was continued into those 
of the Lower Carbonic. These latter seas worn also replete with a 
varied marine life, among which the enrols^ crifihh, blast ids, ochimds, 
hryuzoons, brachiopods, and primitive sharks played the important 
rfba. Limestone were abundant end with the corals extended from 
the United Static into arctic Alaska, Reefs of Syriugopora are 
reported in northern Finland at G7* 55' N. # 46° TID' E. f on Katun 
Peninsula (Ramsay). Even several superposed coal beds, anil up to 
4 feat in thickness of pure coal, of early Lower Carbonic age # occur 
at Cepe Lisburne, overlain by Lower CWbomc limestones with enrols. 
It is generally held that, the world climate at this time was uniformly 
mild and the many hundred kinds of primitive sharks lend to the 
same conclusion. There were in the American Devonic 30 species of 
these sharks, in the Lower Carl ionic not less than 2&S, in the Coal 
Measures 55 1 and In the earliest Permie only 1CL They had no 
enemies other than their own kind to fear, ami as ihn same nan and 
decline occurred uho in Europe p we must ask ourselves what was the 
cause for this rajnd dying out of the ancient sharks during and shortly 
after curly Coal Measures time. With the sharks also vanishes! most 
of the crirnds, but otherwise there was an abundance and variety of 
marine life {wide distribution of large foramkiiforo) with much 
limestone Formalson. The vanishing of the sharks does not appear 
ilifirefore in have been due solely to a reduction of temperature, but 
tony have been lurthcr helped by the oscillatory condition and ret rent 
of the la to Lower Carbonic seas. 

Toward the doao of the Lower Carbonic, or after the Culm and its 
coots of western Europe had been laid down, mountain movements on 
a great scale began to take place in central Europe, and then werebora 
thu Paleozoic Alps of that continent. Those mount*ins, Kayser tells 
us, were in constant motion but with decreasing intensity throughout 
the Upper Carbonic, culminating in "a mighty chain of folded niuun- 
tains." Toward the doe* of Lho Upper Carbonic began the rise of 
the Untb, which was JjiiLsbed in late PcmiiR time when thu Paleozoic 
Alps of Europe were again in motion. Tiu^ movements are at o 
tnicaabhi In Armenia and cithern aro known in central and eastern 
W LiktTO, in AtiwHm, tlif' southern Appalachians were, in 
tuovomont lliu dose of the Lower Carbonic, but the groataai q{ flU 
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of tile Upper Carbonic thrusting* begun to take place at the dose of 
the period and culminated apparently in the earlier half of Permit: 
lime, when the entire Appalachian system from Newfoundland to 
Alabama, anti the Ouachita Mountains, extending through Arkansas 
and Oklahoma, arose as majestic ranges anywhere from 3 to 4 miles 
high. 

Tlioso mountain-making movements oflf mg duration at firsi ranged 
ilie oceans id osdUuto frequently back and forth over parts of the 
continents, ami great brackish-water marshes wore developed, pro¬ 
ducing tho greatest marsh floras and the greatest accumulations of 
good coals that the world has had,. Tho polew botanists While and 
Knowlton tell us that tho climaio of Upper Carbonic time was reln- 
ilvely uniform and mild, even subtropical in places, accompanied by 
high humidity extending to or into the polar circles. Plant asso¬ 
ciations were then “able to pass from non high latitude to the opposite 
without meeting an efficient climatic obstruction in tho equatorial 
region” (JfUO}. 

The marina faunas of Upper Carbonic time were fairly uniform in 
development, and many species hud a wide distribution, although the 
biotas wore still somewhat provincial in character. Limes tones or 
calcareous shales predominated. The largo Protozoa of tho family 
Kusulinidffi occurred throughout the Northern Hemisphere and leas 
widely in South America. They wore also very common in Spitz- 
bo i^en. Staff and Wed aland (1910) state that, tho Fusulinidte occur 
b(i» in w black asphaltic calcareous rock, L o., a sapropcl like those 
now forming in marine tropical regions, according to Potanin The 
water, they slate, was shallow, highly charged with calcium carbonate 
and of a tropical character, or at tho very least not cooler than that 
of tho present Mediterranean, The very largo insects of tho Coal 
Measures tell the same climatic story, for HandKrsch (ISOS) says that 
the cockroaches of that time were as long as a finger and the llbellids 
ns long as an arm, Thoy wore “ brutal rubbers" and scavengers 
living in a tropical and subtropical climate, or at the very least in a 
mild climate devoid of frosts. We therefore conclude’ that after 
Middle Dovottic lime the climate of the world was us a nilo uniformly 
warm and more nr less humid and that it remained so to the close of 
Upper Carbonic lime. 

During tho lime of these mild and humid climates vast accumula¬ 
tions of carbon extracted by the plants out of the atmosphere were 
being stored up in brackish and fresh water swamps, and even greater 
quantities of this element were being locked up in the limestones and 
calcareous shahs in tho seas and oceans. According to tho phvsieo- 
chemist Arrhenius and many gcologisls and paleontologists, so much 
loss of carbun dioxide and its associated water vapor from the air 
mast have thinned tho latter greatly and thus largely reduced tho 
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atmospheric blanket and retainer of tho shivs heat rays, Therefore 
they hold Unit these factors alone were sufficient io have brought on a 
glacial climate. It may he that this theory will not stand the test of 
time, hut even so wo have learned that in Carbonic limes there were 
earth movements on so grand a scale as to be but slightly inferior to 
those of ilia 111 to Tertiary that were followed by the Pleistocene 
glacial climate. 

Prrmic . Very early in Permic time the mild climate of the past 
was greatly changed; tin 1 ! evidence is now overwhelming that through- 
out the Southern Ilemkphere there was a glacial period seemingly 
of even greater extent, than that of Lhe Northern Hemisphere during 
the Pleistocene, This evidence is most easily seen in the wide dis¬ 
tribution of the tillites and the scmtched and polished grounds over 
which the land ice moved in Africa, Australia, Tasmania, India, and 
Smith America. In the Northern Hemisphere the evidence of ice 
work is far less marked; but tillilca occur near Boston* Massachusetts, 
and in the Urals, and. there is much evidence of thin, and arid climates, 
seen in the widely distributed red formations Then, too, the land 
life of ill is time clearly indicate* lIuiL h great climatic change hud 
taken place in the environment of the organic world* 

The grand cosmopolitan swamp floras of the Upper Carbonic, con¬ 
sisting in the main of spore-beating plants, such a* the rashes (Equi- 
satalen), the running pines, and clnbmosses (Lye npudi ales), and the 
ferns, among which were also many broad-leaved evergreens (Cor- 
duitalcs} and *cod-bearing ferns (Uycadafilicah'-s}, were yen" largely 
exterminated hi the Southern Hemisphere at the beginning of Permic 
thne. In the Northern Hemisphere, however, the older llora main¬ 
tained itself for a while longer, as best seen in North America p but 
finally the full effects of the cooled and glacial climates ware fejt 
everywhere* Than in later Permic time the old flora* completely 
vanished, except the hardier pecoplmds, cyc&da, and conifers of Use 
Northern Hemisphere* and with Lhcse lutter mingled the migrants 
from tin? hardy Gaiigniuopteris flora originating in the glacisd rlinmlo 
uf the Southern Hemisphere* (White, 1907.) Some of the trees 
show distinct annual growth rings, and lionet' the presence of winters 
1 1 was these Woody Rotas that gave rise to the cosmopolitan floras 
of early Mesozoic tune. 

With the vanishing of the cosmopolitan coal floras also vent nearly 
nil of the Paleozoic mnect world of large size and direct development 
fur this ilL-wta of Into Permic time were small and prophetic of modem 
forais. Til til, too, liny ull pa**d through a metamorphic aUw 
imlicalmg, uncording to UandUnich, that the insect, of eurlit r Penid ■ 

titnr bad Icaniad law to hibernate through the winters in it,._i_ 

originated larval conditions* 
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Our knowledge of the land vertebrates of late Paleozoic time is 
increasing rapidly, and it is becoming plainer that great changes were 
also in progress here. The vertebrates of the Coal Measures, either 
the armored amphibians (Stenocephalia) or the primitive reptiles, 
were still largely addicted to the ** water habit 1 and lived in fresh 
waters or swam [is r but tills was much changed by the arid climates 
mid vanishing swamps of later Perrnic times, and in the Trieste we 
meet with the first truly terrestrial reptilian faunas. 

A dinmtic change naturally must affect the land life more quickly 
and profoundly than that of the marine waters, for the oceanic areas 
have stored in themselves a vast amount of warmth that is carried 
everywhere by the currents. The temperature of the ocean in more 
nr less altered by the changes of climate, ho they of latitude or of 
glaciation. The surface temperatures in the temperate and tropical 
regions, however, are the last to be affected, and only change when 
all of the oceanic deeps have been lilted with the sinking cold waters 
brought there by the currents flowing from the glaciated urea. We 
therefore find that the marine life of earlier Formic time was very 
much like that of the Coal Measures. and that it was not prufoundlv 
altered even in the temperate zones of Middle Permic time (Zedistein 
and Salt Kange faunas). Our knowledge of Upper Permic marine 
life is as yet very limited and will probably always remain so because 
of the world-wide subtraction of the seas from the lands at that. time. 
It was a period of continued arid dimales, and the marginal shallow 
sea pans were, as a rule, depositing rod formations with gypsum, and 
locally, as in northern Germany r alternations of salt with anhydrite 
or polyhalito in thicknesses up to 3,395 fact. In certain of these 
20 ms there ware developed annual rings so regular in sequence 
as to lead to the inference that they were the depositions of 
warm summers and cold winters, enduring for at least 5,053 years. 
(Gorgfy, 191 h) 

Truixsit + —When we examine into the TrUaaic faunas we meet at 
once with a wholly new marine assemblage. The late Paleozoic 
world of fusultnid*, totracurab, criuids, brachiopods, nautili ds, and 
trilobiU 1 ^ had either vanished or was represented by a few small and 
rim> forms. On the other side, in the Triadic, their places were 
taken by a rising marine world of small mvertebrates, now hcxacorak, 
regular echinids, modem bivalves (among them the oysters), siphonate 
gaatropods, sind more especially by a host of ammonites and a 
prophecy of the coming of squids and marine reptiles, Truly, there 
13 no greater change recorded in oil historical geology. 

Plains are scarce in the rocks of Triassie time until near its dose 
in the Rhsetic, when we cun again truly speak of Trittssic floras. 
These art! known from many parts of the world, and nccorclhig to 
Knowltoji there is nothing in the floras to suggest a "depauperate 
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mill pinched f ’ condition, ns has often been said. “ In North Carolina, 
Virginia, and Arizona there are trunk* nf trees preserved some of 
which are 8 feet in diameter and at leant 120 feet long, while hun¬ 
dreds are from 2 to 4 feet in diameter. Many of the ferns (some 
are tree ferns) are of large size, indicating luxuriant growth, while 
Equkctum stems 1 to 5 inches in diameter are only approached by 
a single living South American species. * * * The complete or 
nearly complete absence of rings in the tree trunks indicates that 
there were no, nr but slight, seasonal changes due to alternations of 
hot and cold or wet and dry periods.” On the whole, the climate 
was “warm, probably at least subtropical” (1910). 

Of insects, too few species (27) are known to be of value for 
climatic deductions. On the other hand, the reptilian life of the 
Triitssic in America, Africa, and Europe was highly varied, and with 
the dinosaurs dominant and often of large size again gives evidence 
that appears to be indicative of uniform and mild climate. 

The marine Triasdc deposits consisted largely of thick limestones, 
and such are well developed iu arctic America nnd arctic Siberia. 
One of the oldest faunas, known m the Mrekoreras fauna, has a very 
great, distribution from Spitsbergen to India and Madagascar, and 
from Siberia at Vladivostok to California tint! Idaho. In general, 
however, the Tritts-nc assemblages were more provincial, ami it was 
not until middle and lute Trinssic time that the faunas again had 
wide distribution. Limestones with thick coral reefs, of the same 
age, appear in the Alp* tup to I .OOP meter* thick i, India, California, 
Nevada, Oregon, and arctic Alaska. Smith, from whom most of 
these facts were taken, slates that this show* there was during the 
Triasssic "nearly uniform distribution of warm water oyer a great 
part of the globe" (1912). 

We may therefore conclude that the rigid climate of the Pemiic 
had vanished even before the earliest of Tri ossic times, and that the 
climate nf the latter period until near its close was again mild and 
fairly uniform though semi arid or even arid the world over. 

Jjtite Triof&ic-L hw. Throughout, much of Into Triassic time there 
was renewed crustal instability, for we have Lite evidence of vole a n- 
ism on ii great scale all along the Pacific from central California into 
far Alaska, in eastern North America from Nova Scotia to Virg inia 
m Mexico, South America (in southern Brazil G(J0 metem thick) ami 
New Zealand. The volcanoes of western North America were prob¬ 
ably insular in position, for their lavas and ash bed* arc found inter- 
bedded with marine sediments. Just how important this movement * 
was and what effect it, had upon, the climate L* not yet clear but 
there is important organic evidence leading to the belief that the 
temperature was considerably reduced during Uu^t Trinaaic and 
eariittst. Jtira&nc tim&« 
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Pompeckjp Buckintm, and Smith state that late Trinssic tinm was 
a particularly critical one for the ammonites. Of the far more than 
1 j.(JCKl known species of Triossic ammonites, not one passed oyer into 
the Jurassic* arid but a single family survived this lime* the Fhyl- 
loceratidie. Fomp&ckj says that 41 out of PhyUooens has developed 
the abundance of Juraaiio-Cretaoeouii ammonitos" (l£ll£)) f while 
Buck mun li uliis it was out of Nannitcs by way of the liassic thm bites 
that She later fullness of ammonite dimdopmant came. 

In the Liassic there arr now known 415 species of insects that 
remind one nuicli of modem forms, Nearly all were dwarf species, 
sniiiller than similar living insects of the same latitude and far 
smaller than Falrozoie or Upper Jurassic insects. Handlinadi <1910) 
b positive that this uniform dwarfing of the Liassic insects was due 
to a general reduction of the climate and that the temperature was 
then cool and like that of present northern Europe between latitudes 
46° and 55°. The climate, he stntes + was certainly cooler than either 
that of the Middle Triassic or Upper Jurassic. 

In this connection we must not overlook the fact that the known 
Liinssifl innecta are of wide distribution, for ! 72 species are known 
from England, 164 from Mi-cklonhurg, northern Ocrnumy, 75 from 
Switzerland, and 2 from upper Austria. With this depau|icraLing of 
tlte insects and the vanishing of the late Triussic ammonites, there b 
abo to bo noted a marked quantitative reduction and geographic 
restriction among the reef corals of Liassic time. We therefore are 
seemingly warranted in concluding that the cooling of the tdiinato in 
liile Trhtssic and early Jurassic time was not local in character, hut 
was mllier of a genera] nature. Much workable coal was also laid 
down in Ldoasic time, not only in Hungary but also in many places east- 
Ward into China and Japan. In addition, the many black slioled of 
this time furnished further evidence of cool and noatropieftl climates; 
coal and Muck shales are so general hi occurrence through nut the 
Liassic tMK-k-s that the time Is often referred to ns the Black Jura, 
Finally, ecrtaln Liassic conglomerates of Scotland have been thought 
by some to be of glatdul origin. (J. GeikieJ 

Jurwsie* The Jurassic kmidros of Europe are so rich in fooaiii 
Llia.t they have been the classic ground on which many paleoutologists 
and si nil igra pliers were reared. From the studies of these faunaa 
came the first clear ideas of climatic zones siid world palcogwigraphic 
tn up* 111 ri - Ugh I he work of the grout X oUmayr of Vien n a. ,1s the res id t 
nf u very lung study of the ammonites and their geographic distribu¬ 
tion, ho came to the conclusion in 18811 that, the earth in Jurassic time 
liwd clearly marked equatorial temperate, and cool polar climates, 
agreeing in the main with the present occurrence of the same zones. 
He also said that 11 tin* equator and [Kilts could not have very much 
altered their present jawil.km since Jurassic times." Hk conclusions 
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^pp>i however, assailed by many, and while no one has gTfifitly 
altered his geographic belts of ammonite distribution, sLill tho con- 
aemui^ of opinion to-day b that these are reprint alive rather of 
faunal realms than of temperature belts. On the other hand, it b 
admitted that there were then dearly marked temperature zones: 
that is, a very wide medial wann-w&tar are% embracing the present 
equatorial and temperate zones, with cooler hut not oold water in the 
polar areas. That the oceanic waters of Middle and (somewhat less 
tkd of Upper -Jurassic times were warm throughout tho greater part 
of 1 he world is seen not only in tho very great abundance of marine 
life —probably not less than 15,000 species are known in the Jurassic 
but also hi the far northern dbitribuiion of many ammonites, reel 
coral*, and marine saurian*. The Jurassic often abounds in reefs 
made by sponger, corals, and hiyozmrns. Jurassic comb occur 3,000 
miles north of their present habitats. 

The Jurassic floras worn tardy cosmupoUlanj and Know!Ion tells m 
that of lho North American species* excluding tho cycad trunks, 
about half are also found in Japan, Manchuria, Siberia, Spitzborgmi, 
Scuudluavia, or England- "What is even more remarkable, tlio 
plant# found in Louis Philipptn Land, 63° S, T are practically tho 
same [belli generic uUy and specifically] m those of Yorkshire, Eng¬ 
land* * * * The presence of luxuriant forua, many of them tree 

ferns, equiseLuras uf largo size, conifers, tho descendants of which 
are now found in boo thorn lands, all point Lo a moist, warm, probably 
subtropical climate * T (1910). The insect# of this time wore again 
large and abundant, indicating a warm olinmlo evidttm 0 in harmony 
with tho plant*. 

At l ho close of the Jurassic tho Sierra Nevada# of California and 
the Humboldt Itango# of Nevada were elevate]; probably also tho 
Cascade ami Klamath Mountains farther north; hut this disturbance 
ee^mingly hail no marked effect upon tho world's climate, though 
there was a considorabla retreat of the seas from the Continents. 

Crtfaric *—The emergence of the continents at the clone of tho 
Upper Jurassic gave rise to oxtonHive accumulations of fresh-water 
deposits, known in wostorn Europe as the Woaldcu, and in tho Itocky 
Mountain area of North America m tho Morrison. These are now 
regarded as of lower Urn tank (more accurately Uunnmchic} age. 
Along the Atlantic border of the United State* occur other conti¬ 
nental deposit*, known tin the Potomac formations, in tho upper 
part of which the modern flora* or AngiOfeperms make their first 
appearance, Beforo the close of tho Lower Cretacio this early hard- 
wood forest had spread to Alaska arul Greenland, whore elms oaka 
maplos, ami magnolia occurred. Know! Uni concludes from tbi* 
ofideuco that tho climato "was certainly much milder than at tho 
present time' and - Wan at least what we would Dow ©oft warm 
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tamparnte" (1D1G3* It wo? therefore o climates somewhat coaler 
ihaa abut of tho Jiiras&ie. On the othor band, tl w Xeaenmianserbti 
of King KhiTh Land bos silicified wood, iha trunks of which, accord¬ 
ing to Hathoret, ora ol least SO centimeters in diameter and show 2If) 
annular rings. Those rings aro for hotter developed than in stems 
of the hohio age found in Europe, 11 which indicates that tho troos lived 
in o region where the difference between the simsons was extremely 
proTCimrod* 1 (1912). 

Do ring Conuncbio tunot in the temperate and tropical belts t tho 
world bad tho greatest of all land animal*, tho dinosaurs, reptiles 
ai taming a length in North America of 75 feat or more and in equa¬ 
torial Gorman East Africa of probably more than 100 feat. Their 
l*oii08 range to 5Q Q North latitude, and the animals must have lived 
in a fairly warm and moist climate. 

While the Lower Cretacic seas were prolific in life, tho most char¬ 
acteristic shellfish of southern Europe, the Mediterranean countries, 
and Mexico were the limestone-making mdistiik s large ground-living 
fbr&mimfors (GrHtolina), and reef corals. In northern Europe and in 
the United States from southern Texas to Kansas nothing of ihm& 
warm-water faunal elements is known. It is recognized that the north 
European seas had Arctic connections by way of Scan din art* and 
Russia, and along the west coast of North America are seen many 
other boronl migrants as far south m California and even Mexico. 
Those waters, however, were net cold. The same geographic distribu¬ 
tion prevailed m t he Upper Cretaeii of Europe. This distribution was 
fimt noted in Texas by Ferdinand Roomer in 1862, and he further 
observed that '"in each case tho European deposit is approximately 
10° farther north than its American analogue/ 1 and concluded, u that 
the differences between tho northern and southern facies were due to 
climate and that the climatic rotations between tho two aides of the 
Atlantia wore about the same in Cretaceous time a* they are jtow/ 1 
(Stanton, 1010*) Even though Roomeris conclusion as to climatic 
zones wife founded on erroneous stratigraphic com»Wiens T still hm 
thenty has long been looked upon favorably, but in I90S fiothan 
showed that the fossil woods of tho lata Upper Crotscio of central Gcr- 
ma.ny have distinct annual rings, while those of Egypt do not have n 
traeci of them. The lata Cretscie woods of Spitsbergen also have 
decided growth rings. Benr (1912) stales thnt tho climate of Upper 
Cretaoic time was far more uniform than now and that there was an 
increase of warmth southward, Alabama having thou a dim u to that 
was an b tropical ore van t roptcak On the o t her h an d., th o early Upper 
CretKcic or Cenomanian Dora of A tana in western Greenland, accord 
ing to Nathorst, “i* particularly rich in the loaves of Dicotyledonous 
trees, among which arcs found those of pianos, tulip trees, and broad 
fruity the last mentioned closely resembling those of tho bread-fruit 
tree (Arioctfrpuj} ritciap) of the la lands of the southern seas " (1912)- 
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In Middle Cretack time* the oceans began again to spread over the 
continents and this transgression of tint seas was one of the groats t 
of the geologic past, It is interest big to note that uvon though there 
was greet opportunity for expansive evolution, but few new marine 
storks appeared hero, mid it was rather a time of death to many 
characteristic stocks. This wofl-known fact is clearly brought out 
by Whither in his in treating bonk,. “Goachichtu dor Erdn und dcs 
Jaihcits >F (1008), in chapter 2ft, entitled " Cratwnaiia time and its great 
mortality* 11 Entire stocks of specialized forms vanished, just as did 
other stocks at the cWo of the Pnloosoic. In Into Orel uric time it 
wets the ammonit^t bnlomnitw, the rudLst idn that Hogan to develop 
in great numbers in I ho Ixiwnr Cretack, and the other Ihiek-.-dudb d 
largo bivalves {[noceramus) that perished. In addition, there was 
a great reduction among the reef corals, the replacing of the dominant 
ganoids by the tola cels nr bony fishes, and* finally, tho complete living 
out of the various sLocks of nuvrlno stuirvaus. 

On the land, with the further rise of the Anpiosperm florae, WO see 
the vanishing of the reptilian dragons known as pterodactyls, and, 
lit the very close id the Crctuele, the last nf the. large and small 
dinosaurs and the birds with teeth* * Wc thus see the reptiles 
displaced from the sens by tho fishes; on the land they are restricted 
by the rise of the mammals, in the air after a short struggle by (he 
more finely organized birds—in abort, the reptilian dominance 
k destroyed with tho end of the Mesozoic era, in which entire time 
they were the characteristic feature/ 1 (Kokcn. iSOli.) 

The UpperCYotacic was therefore a time of great mortality among 
animals, 4i hcrc sooner, there later; although numerous relict faunas 
are preserved for a time and Just into the ('enozoic, still there never 
was so great a mortality as that taking place tow ard the dose of tho 
Oretscb/ 1 (Walther, 1(108 0 

During tho Upper Cretack, hut more especially toward the close 
pi the period, mountain making on a vast- scale went on t along with 
exceptional outpouring* of lavas and ashes These movements, 
I hough of less in tensity, were repeated in early Tertiary I lmej-., 
and wliilc they were equaled only by those of this closing period of the 
Paleuzic* they wire exceeded by (ho crustal deformation of late 
Tertiary time; I hey form tho Ijanumdu revolution of liana, embracing 
the mountains of we*reni North and South America from Oape Hem 
to AWka and tho reckvfttitin of tho Appalachian and Antillean 
Mountains. Throughout the Eocuno in the Rocky Mountains there 
were many volcanoes throwing out immense quantities of ashc# 
in which is entombed a remarkable vertebrate fauna. Then in late 
Crotflelr time in peninsular India occurred the Deccan lava fjowv 
the most stupendous eruptions known to geologist*. covering an area 
of 200..0W square Ernies, in thickness anywhere up to a mile or more. 
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Although there were these great crustal movements toward the 
close of the Upper CretMic, nevertheless they seem to have hud no 
market! effect on the climates of the world , for nowhere has anyone 
shown the presence of unmistakable glacial tills of tills ago J lin n, 
too, the floras of early Tertiary times are said to be of about the same 
character us those of the late (retucic, and they indicate that (he 
climates wore warm with slighL latitudinal viirLuliun, so slight that 
even m Greenland and Spitsbergen die early Tertiary floras were 
those of a moist and miM climate* 

Tertians —We have seen that there was no marked climatic rilling t> 
in the time from the Cntadc to the Eocene t hut that there was a 
reduction in temperature k admitted by paiaoboimlists and students 
of marine life. Berry states that the Middle Euceno floras of Europe 
"show many tropical characters absent m tin. 1 earlier Euccuo TP (1010). 
The Obgooone marine faunas were prolific m specie?®, and the largest 
of all forum toilers, the mumimlites, although still present at this 
time, had their widest distribution and largest specks in the Middle 
Eocene and especially in the Tethyi&n Sea of the t)ld World, extending 
from 20° South to 20° North latitude, (Stromer T 1 ODD.) 

In Miocene time on Spifczbeigen (Cape Staratschiu) li ved I ho 
swamp cypress (Tbznftiifn dUtichum miwen ttm), u leafy sequoia, 
pines and firs, besides various hardwood trees, such as poplars, 
birches, beeches, oaks, elms, magnolias, limes, and maples. The 
swamp cypress, Xnthorat mj%, "formed forests, as in the swamps 
in Lim southern portion of the United States. This conclusion is 
also confirmed by the occurrence of the remains of rather numerous 
insects 1+ (1012), -:V11 of the plants mentioned then flourished as 

far north ns 70° North latitude, and even at nearly $2* in < hinnell 
Land, Tills is evidence that in early Miocene time the climate was at 
least wiirni-letnperate in arctic America, 

Again, Dali (LS95) states that hi Middle Miocene time considerable 
reduction of the climate appeared, for the Atlantic; Chesapeake faunas 
were those of temperate waters and they spread southward as far 
as the eastern area of the Gulf of Mexico, Similar conditions are 
noterl by the same cunchulugist in Uie northern Pacific Ocean. 

The Tertiary was an era of extraordinary crustal movements, 
finally resulting in the greatest mountain chains of &U geologic time. 
These movements began in early Eocene time in the Rocky Mountains 
and at the dose of this epoch further deformation took place in the 
Klamath and Const Ranges of Oregon and the Santa Cross Mountains 
of CaUfomiu, In Europe the elevations of Tertiary time started 

1 Al thn r-rinrrr^EL meeting. o\ ihc OKilqgft*! nf Amrtfihu. Dr- 2 * 1913,. I a p«f. w. W, AtF«od 
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at the close of the Eocene in the Pyrenees, and in the Miocene the 
entire **Alpine system ,f was in elevation. Tins unrest spread at 
the same time to the Caucasus, Asia, and to the entire Himalayan 
region of highest mountains and elevated plateaus, an area 22 
of latitude in width. 11 is probable that all of the world's great moun¬ 
tain chains were more or less reclevaied in Miocene ami Pliocene 
times, resulting in the present abnormally high stand of the continents 
when contrasted with the oceanic mean level. 

These elevations also altered die continental connections, for 
Xorth and South America were reunited in Miocene times, and west¬ 
ern Europe, Greenland, and America were severed late in the Tertiary 
era, the exact time being as yet not dearly established. \\ ith these 
great changes also must have come about marked alterations in the 
oceanic currents and. as a consequence, in the distribution of heat 
and moisture over vast areas of the northern Atlantic lands. It is 
admitted by all paleontologists that Use marine waters of late Pliocene 
tunes in the arctic region were cool, and the widespread glacial tills 
of the Northern Hemisphere are evidence of a glacial climate of 
varying intensity throughout Pleistocene limo. 

conclusions, 

Our studies of the paleumoteorology of the earth are summed up 
in figure 4. We have seen that two marked glacial periods are 
clearly established. The one best known was of Pleistocene lima 
iuid the other, loss well known in detail, of earliest Formic time. 
Both were world-wide in their effects, reducing the mean temperatures 
sufficiently to allow vast accumulations of snow and ice, not only 
at high altitudes, but even more markedly at low levels, with the 
glaciers in many places attaining the sea. Wo also learn that the 
continental glaciers of Pleistocene time were dominant in polar regions 
while those of Ponnic time had their greatest spread from 20° to 40° 
south or the present equator, and to a far less extent between 20° and 
-10° in the other hemisphere. There is ubo some evidence of glaciers 
in equatorial Africa in Fannie time. We may further shite that, 
although Pleistocene glaciation ivsis general in the arctic region, 
there certainly was none at this pole in early Ponnic time, because 
of the widespread and abundant marine faunas that are not markedly 
unlike those of die Upper Carbonic: as'for the South Polo, our knowl¬ 
edge ’>f pro-Fkistocone glaciation is as yet u blank. 

A glueiul period does not appear to remain constantly cold, but 
fluctuates between cold glacial climates and warmer interglacial 
times nf varying duration. During ibo Pleistocene them were, 
according to die best glaciologists, at least three, if not four, such 
warmer iniervals, Thn Permit; glacial period also hud iis warmer 
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times, while the interbed rM rod stmt a of the Proterozoic tillitos 
south to point to the same wiablliiy. It is this decided temperaluro 



In addition to the well-known Pleistocene and Permic glaciation, 
there is rapidly accumulating a great do til of evidence to the effect 
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that there were at least two and probably thrift other periods of 
widespread glacial climates. All of these were geologically very 
ancient T earlier than iho Paleozoic' in fact, one was at or near I ho 
close of Proterozoic time, while another was at the very loginning of 
that era and almost at the beginning of earth history as known to 
geologists. 

The oldest of all glacial materials occurs at the base of the Lower 
Huron)an and m of great extent in Canada* Seemingly of the same 
time is the Tonridoman glacial testimony of northwest Scotland. 
The Proterozoic iiHitos of China in latitude 31* K- may also be of 
this time. If these correlations are correct* ill m the oldest glacial 
evidence indicates that a greatly cooled climate prevailed near the 
very beginning of the known geologic record and that it was dominant 
in the Northern Hemisphere, 

Toward or at the close of the Proterozoic there k other evidence 
of a glacial climate in Australia, Tasmania, and Norway. These 
occurrences of iillUes lie immediately beneath Lower Cambric 
fossilifenous marine strata and probably are of pre-Carubric ago. 

In India there h also evidence of late Proterozoic tihites in two 
widely separated places, and it may be that the inadequately studied 
Koweeuttwan testimony of the Lake Superior region b of this time. 
If so, these occurrences record a distribution of glacial materials very 
similar to that of Peonic time. Again, the PreterozoLc tiilhes of 
Africa am dearly of another age, so that there is evidence of at least 
three periods of glaciation previous to the Paleozoic. 

The physical evidence of former glacial climates is even yel not 
exhausted, for the Table Mountain tillitoa of South Africa point to u 
cold climate that apparently occurred, at least locally, late in Si] uric 
time. Finally r thore may have been a seventh cool period in early 
Jurassic time (Lias), but the biologic evidence so far at hand indicates 
that it was the least significant among the seven probable cool to 
cold climates sn far discovered in the geologic record. 

The data at hand show that the earth since the be ginnin g of 
geologic history has periodically undergone more or less widespread 
glacial ion and that the cold climates have been of short geologic 
duration. So far as known, there wore seven periods of decided tem¬ 
perature changes h and of these at hast four were glacial climates. 
The greatest intensity of the^o reduced tempered urea varied hot ween 
the hotakphnrefl, for in earliest Proterozoic and Pleistocene lime ir lav 
in the northern, while- in lute Proterozoic and Pcrmic lime it was 
more equatorial than boreal. The three other probable periods 
of cooled donates are as yet too little known to make out their 
centers of greatest intensity. 

Of the four more or leas welledotermined glacial periods, at least 
three (the earliest Frotemisoie, Pennic, and Pleistocene) ’occurred 
during or directly after times of mtensiye mountain making, while 
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the fourth (late Proterozoic) apparently also followed a period of 
elevation. The Table Mountain lilliics of South Africa, if correctl)* 
correlated, foil in with the time of the making of the great Caledonian 
Mountains in the Northern Hemisphere. On the other hand, the 
very marked and world-wide mountain-making period, with decided 
volcanic activity, during lute Mesozoic and earliest Eocene times, 
was not accompanied by a glacial climate, but only by a cooled one* 
The cooled period of the Lin&sic also followed a mountain-making 
period, that of lata Triassic time. Wo may therefore state that 
cooled and cold climates, as a rule, occur during or immediately 
follow periods of marked mountain making—a conclusion also 
arrived at independently by Ramsay (1910). 

Geologists are beginning to see clearly that the lands have been 
periodically flooded by the oceans, and the times of maximum sub¬ 
mergence and emergence of the continents since earliest Paleozoic 
time are fairly well known. The two marked glacial periods since 
Cambric time (Permic and Pleistocene) and the three ether more 
or less cooled climates (late Siluric, Liassic, and late Cretacic) oil 
fall in with the times when the continents were more or less exten¬ 
sively and highly emergent. There were no cold climates when the 
continents were flooded by the oceans, and it may be added that the 
periods of widespread Bmestono-making preceded and followed, 
but did not accompany, the reduced climates. On the other hand, 
the periods of greatest coal making (Upper Carbonic and Upper 
Cretacic) accompanied the time of greatest continental flooding and 
preceded the appearance of cooled climates. 

The more or less coarse rod sediments seen at many horizons of 
the geologic column are interpreted as the deposits of variably arid 
climates, or those that are alternately wet and dry. In the Paleozoic 
they are seen more often ai Ihe close of the periods when the seas 
were temporarily withdrawn and the lands were most extensive. 
Theso red deposits alternate with formations that are either wholly 
marine or of brackish-water origin, and in the latter case of gray, 
green, blue, or black color. 

Humphreys has shown that volcanic dust in the isothermal region 
of the earth's atmosphere does appreciably reduce the temperature 
at the surface of ihc globe. It is thought that if explosive volcanoes 
continued active through a more or less long geologic time, Ibis 
factor alono would bring on, or largely assist in bringing on, a more 
reduced temperature or even a glacial climate. If then, we may 
further postulate that volcanic activity is most, marked during 
times of mountain making, t. e., during the "critical periods” at 
the close of Iho eras and the less violent movements at the close of 
the periods, wo should expect ice ages, or at least considerably cooled 
climates, occurring hero also. Let us see how the facts agree with 
this hypothesis. 
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Of the "critical periods” tit the close of the Paleozoic, Mtssoaoic, 
and Cenoaoic eras, wo know that the first ami Inst were accompanied 
by glacial climates, but the Mesozoic, though a time of very extensive 
mountain making and great amt prolonged volcanic activity in North 
America, did not dose with a glacial, but only with a slightly cooled 
climate. Not only this, but we find Lhat volcanism was renewed in 
the fnt- dllle raa of North America throughout much of die Eocene, and 
yet there was developed no glacial climate at this time. In the same 
way the marked temperature reduction at the close of the Cenozoic 
in the Pleistocene was subsequent to the Miocene and Pliocene move¬ 
ments of this period and not coincident with them, while that of tho 
Paleozoic appears to fall in with tho rise of the Urals and Appala¬ 
chians, though but little volcanism seems lc have accompanied the 
movements in North America. It should also bo said that equally 
os tensive movements were going on in Europe in the rise of the 
European Alps during the geologic times before and after the Perruio 
glaciation, and that the earlier movements did not appreciably affect 
the climate- 

Again, there was derided mountain making toward the dose of the 
Silurii- in the formation of the Caledonia Mountains all along western 
Europe from Spitsbergen to Scotland, with marked volcanic extru¬ 
sions during the Siluric and early Dnvooio in Maine, tho Maritime 
Provinces of Canada, and Europe. Yet wo have no-glacial climate 
at these times, certainly not in the Northern Hemisphere; rather it 
seems that the temperature was mild the world over. It is possible, 
however, that the Table Mountain til! it os of SouLh Africa may coin¬ 
cide with this time, and if so a colder temperature affected the 
Southern Hemisphere only locally. 

On the other hand, the "life thermometer” indicates a cooled 
period a! the dose of tho Trifteado and tho following Liassic, but this 
reduction of temperature, again, is geologically subsequent to, rather 
than coincident with tho marked volcanic activity of the Triassic in 
many widely separated places. 

Finally, there were earth movements of considerable magnitude at 
the close of the Lower Cambric, Ordovicic, and Jurassic that were 
not. accompanied by glacial climates. At all of these limes there 
appears, however, to have been a drop hi temperature, slight for tho 
two first-mentioned periods and more marked for tho third one, for 
here we find in the austral region, during earliest Crelacic times, win¬ 
ters alternating with summers. 

Wo may therefore conclude that, volcanic dust in the isothermal 
region of the earth does not appear to be a primary factor in bringing 
on glacial climates. On tho other hand, it can not bp denied that such 
periodically formed blankets against the sun's radiation mav have 
assisted in cooling tho climates during some of the periods when the 
continents were highly emergent. 
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It lias long boon known that during times of in tensive mountain- 
making and morn or less cooled climates there was great destruction 
and alteration of life. The lira! effects of the environmental changes 
occurred among the organisms of the land* wliiie the dim ax of altera¬ 
tion among the marine life appeared later. This is especially well 
seen in the Formic glaciation, which first blotted out the cosmopolitan 
Upper Carbonic flora and the insects, while the life t>f the sea con¬ 
tinued without marked change into Middle Formic time. In the 
later Formic, in the northern equatorial waters of Tethys, occurred 
the final destruction of many stocks that had long dominated the 
Paleozoic seas. Tho explanation of these facts appears to be that, on 
the lands the change of climate takes immediate effect on the organ¬ 
isms, while in tho oceans a longer time is c onsumed in cooling down 
the warm and equable tempera hire and in filling all tho basins with 
cold water. Accordingly the last regions in the oceans to come under 
tho influence of glacial climates must he the shallow waters of the 
equatorial area. The proof of this conclusion is seen in that, the last 
stand made by the marine Paleozoic world is recorded in the deposits 
of Tot Ivys, the great Mediterranean s^-a of Peraiie time. It is also 
here that we find nearly all of the Paleozoic shallow-waLcr holdovers 
in the succeeding period, the Triosssc, 

The cooled but not frigid climate that followed the magnificent 
mountain making at tho close of the CreUcic also produced striking 
changes in the organic world. These changes were less marked than 
those of Permic time and more noticeable among the land animals 
than those of the marine waters, affecting especially the ovenspe- 
rialked, largo* thick-shelled, and degenerate stocks. 

Great changes were again produced among the large land animals 
of the world, m well as among those of the polar and temperate 
oceanic waters, by the glaciation of Pleistocene time. The present 
shallow waters of the equatorial region still maintain the Ime Tertiary 
faunas, and Africa is the asylum where the higher Pliocene land ani¬ 
mals hare been preserved into our time. 

What the effects of the Proterozoic glacial climates were upon tho 
living world of that time it is impossible to say, because we have os 
yet discovered but lit tle of the organic record. 

The marine ' fc life thermometer" indicates vast stretches of time of 
mild to warm and equable temperatures, with but slight zonal differ¬ 
ences between the equator and tho poles. The great bulk of murine 
foozle arc tti<Kse of tho shallow seas, and the evolutionary changes 
recorded in these medals of creation 11 are slight throughout vast 
lengths of time lhat are punctuated by short but decisive periods of 
cooled w&b&nj mid great mortality, followed by quick evolution* mid 
the rise of new stocks. The times of Jess warmth are the ™iotlarm 
and those of greater heat the jdiothina periods of Ramsay Utl 10). 
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On tho land tho story of the climatic changes is different, but in 
general the equability of thtf tempera Luro si mobiles that of tiiaoccAnic 
areas. In other words, the Wds also had long-enduring times of 
mild to warm climates. Into the problem of land climates, however, 
enter pLker factors that are absent in tho oceanic regions, and these 
have great influence upon the climates of the continents. Most 
important of those is the periodic warm-water inundation of the 
Ian sis by the oceans, causing insular di mates that are milder and 
mobtor* With the vanishing of the floods somewhat cooler and cer¬ 
tainly drier climates are produced. The effect of these periodic Hoods 
must not be underestimated, for the North American Continent was 
variably submerged at least 17 times P and over an area of from 
154,000 to 4,000,00 square miles* (Schuehert, 1010-} 

When to these factors is added the effect upon the climate caused 
by the periodic rising of mountain chains, it is at once apparent that 
the lands must have had constantly varying climates. In general 
the temperature fluctuations seem to have been slight, but geograph¬ 
ically the climates varied between mild to warm pluvial and mild to 
cool arid. The arid factor has been of the greatest import to the 
organic world of the lands. Further, when to all of these causes is 
added the fact that during emergent periods the formerly isolated 
lands were connected by land bridges, permitting in i emigration of 
tho land floras and faunas, with the introduction of their parasites 
and parasitic diseases/ we learn that while the climatic environment 
is of fundamental importance it is not tho only cause for the more 
rapid evolution of terrestrial life. Unfortunately, the record of laud 
life, and especially of the animal world, b the most imperfect of all 
paleontologie records until wc come to Tertiary time. The known 
mammal history b a vast one and, although very difficult to inter¬ 
pret from the climatic standpoint, we have in the work of Dep&at 
(IDU9), Osborn (1910) P and Scott (1913) glimpse* into the many tem¬ 
perature fluctuations, faunal isolations, and intercontinental radia¬ 
tions of Ter Liar v time. The history of the Tertiary is the last one 
of at least three previous and similar records (Mesozoic^ later and 
earlier Paleozoic) of vastly longer eras, taking us back to a time when 
the lands were without visible life. 

In conclusion, it m seemingly clear that the variability in the storage 
of solar radiation by the earth's atmospheric blanket and by oceanic 
Water*, and the consequent climatic variations of the past and present 
are duo in the main to topographic changes in the earth's crust 
These telluric changes alter the configuration of the continents and 
oceans, Lhe idr current (moist or dry}, ike oceanic currants (warm 
mild, or cool) t and the volcanic ash content of the atmosphere. 
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On the other hand, a great deal has been written about the supply 
and consumption, of tho carbonic acid of the air oa the primary cause 
for the storage of warmth by the atmospheric blanket. A greater 
supply of carbon dioxide is said to cause increase of temperature, and 
a marked subtract ion of it will bring on a gkdal climate* This aspect 
uf the climatic problem is altogether too largo and important to be 
entered upon here. It is permissible to state, however, that tho glacial 
climates are irregular in their geologic appearance, are variable lati- 
tud malty, as is seen in the geographic distribution of the tillitcs be¬ 
tween the poles and the equatorial region* and finally that they appear 
in geologic time as if suddenly introduced. These differences do not 
seem to tho writer to be conditioned in the main by a greater or smaller 
amount of carbon dioxide in the atmosphere, for if this gw is so strong 
a controlling factor, it would seem that at least the glacial climates 
should not be of such quick development. On the other hand, an 
enormous amount of carbon dioxide was consumed in the vast lime¬ 
stones and conk of the Cretecic, with no glacial climate as a result; 
though it must bo admitted that the great limestone and vaster coal 
accumulations of the Penusylvanic were quickly followed by the 
Permin glaciation* Again it may be stated that the Pleistocene cold 
period was preceded in the Jlioccne and Pliocene by far smaller areas 
of known accumulations of limestone and coal than during either tho 
Pennsylvania or CVctncic, and yet a severe glacial climate followed. 

Briefly, then, we may conclude that the markedly varying climates 
of tho past seem to be due primarily to periodic changes in the topo¬ 
graphic form of the earth's surface, plus variations in the amount of 
heat stored by the oceans. The causation for the warmer interglacial 
climates is the most difficult of all to explain, and it is hero that factors 
other than those mentioned may enter. 

Granting all this, there still seems to ho back of all these theories a 
greater question connected with the major changes in paleomete- 
orology. This is: What is it that forces the earths topography to 
change with vaiying intensity at irregularly rhythmic intervals f 
This difficult and elusive problem the older geologists solved with a 
great deal of ossuranee bv saying that such change was due to a cool¬ 
ing earth, resulting hi periodic shrinkage; but the amount of shrinkage 
that would necessarily have taken place to account fur all the wrin¬ 
klings and ovmhriistmgs of the earth's crust during geologic time 
would be far greater than that which bos apparently occurred. 
Further, a cooling earth is yet to be demonstrated. Again* some 
palnogoogrmphera seem to see a periodic heaping up of the oceanic 
waters in the equatorial region and a pulsatory flowing away later 
toward the polos. If these observations are net misleading, are wo 
not forced to conclude that the earth's shape changes periodically in 
response to gravitative forces that alter the body form ? 
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By J. Soly t F, K, B. 


[With s pkttu?,] 

It now well established that a helium atom is expelled from 
certain of the radioactive elements at the moment of transformation. 
The helium atom or alpha ray leaves the transforming atom with 
a velocity which varies in the different radioactive elements, but 
which is always very great, attaining as much as 2 X 10 a centime] at* 
per second, a velocity which, if unchecked, would carry the atom 
round the earth in less than two seconds. The alpha ray tarries ll 
positive charge of double the ionic amount. 

When an alpha ray is discharged from the transforming element 
into a gaseous medium its velocity b rapidly checked and its energy 
absorbed, A certain amount of energy k thus transferred from the 
transforming atom to the gas. We recognize this energy in the gas 
by the altered properties of the latter; duefly by the fact tliat it 
becomes a conductor of electricity. The mechanism by which this 
change k effected k in part known. The atoms of the gas, which 
appear to he freely penetrated by the alpha ray, sire 00 far dismem¬ 
bered as to yield charged electrons or ions, the atoms remaining 
charged with an equal and opposite charge. Such a medium of free 
electric charges becomes a conductor of electricity by convection 
when an electromotive force k applied. The gas also acquires other 
properties in virtue of its ionization* Under certain conditions it may 
acquire chemical activity and new combinations may be formed or 
existing ones broken up. When its initial velocity k expended the 
helium atom giv^ up its properties as an alpha ray and thenceforth 
remains j^ossessed of the ordinary varying velocity of thermal agita¬ 
tion, Bragg and Klee man and others have investigated tho career 
of the alpha ray when its path or range lies In a gag at ordinary or 
ebtidiiabk conditions of pressure and temperature. We will review 
some of the facts ascertained* 

1 Dttn* the HmJpjf lecture, ml lb* Cnirailly ct Blrmkifbun m Oct, gg p isti K«viatid 
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Tl«* rang*’ or distance traversed in a gas at ordinary pressures is a 
fi-wr centimeters. The following table, compiled by Geiger, gives the 
range in air at the temperature of 15 s C.; 


CljDtiTMttrf. 

Unmium . 2 - M 

1 imnimri 2 ___ Si BO 

CenLimctni. 

Thorium X.. 4-iH> 

Th Bflimdqtt_- ■ - - -..... r . 5,00 

Radium..,- ------- —.. 3^30 

Rb r-m ii rt ‘1 Tiiin ... ■4-lfli 

Thorium A _ 5.70 

Thorium 0| _____ 4. SO 

Thorium Cj- .... - + & 60 

RiFLiHIlH-rt \ L . , . . . ,. 4, 7 l« 

RadioaAjliuium -- 4.00 

Radium - + ----------- - O 4 

Radium F*- * ** -- . -.... -3-77 

Thrvri iitrt ... . . . £_ 7!? 

Actinium X--—.............. 4.40 

ActfanumUot^^^ + ------- . 6- V0 

Actinium .. 6.50 

ftadiatliuriuin... 3,37 

Actinium 0., .- **** 5, -10 



ne. i. 


It will be aeon that the ray of greatest rouge is that proceeding from 
thorium 0,, which reachra a distance of 8.6 centimeters. In the 
uranium family the fastest ray is that of radium C. It attains 6.94 
centimeters. There is thus an appreciable dif¬ 
ference between the ultimate distances traversed 
by the most energetic raj's of the two families. 
The shortest ranges are those of uranium I and 2. 

The ionization effected by these rays is by no 
means uniform along the path of the ray. By 
examining the conductivity of the gas at dif¬ 
ferent points along the path id the ray the ioniza¬ 
tion at these points may he determined. At 
the limits of the range tin* ionisation ceases. 
In tills manner the range is, in fact, determined. 
The dotted curve (fig, 4) depicts the recent in¬ 
vestigation of the ionization effected by a sheaf of parallel rays of 
radium C in air, as determined by Geiger. The tango Ls laid out 
horizontally iu centimeters. The numbers of ions are laid out verti¬ 
cally. The remarkable nature of the Teaults will bo at once apparent. 
We should have expected that the ray at the beginning of its path, 
when its velocity and kinetic energy were greatest, would have 
been more effective than toward the end of its range when its energy 
had almost run out. But the curve shows that it b just the other 
way. The logging ray, about to resign its ionizing properties, 
become- a much more efficient ionizer than it was at first. The maxi¬ 
mum efficiency is, however, in the case of a bundle of parallel 
rays, not quite at the cud of the range, but about half a centimeter 
from it. The increase to the maximum ia rapid, the fall from the 
maximum to nothing is much more rapid. 

It can be shown that the ionization effected anywhere along the 
path of the ray is inversely proportioned to the velocity of the ray at 
that point. But this evidently docs not apply to the hist 5 or 10 
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miHimo t**™ of the range where the rate of ionization and of the speed 
of the ray change most rapidly. To what are the changing properties 
of the rays near the end of their path to be ascribed 1 It is only 
recently that this matter has been elucidated. 

"When the alpha ray has sufficiently slowed down, its power of 
passing right through atoms, without appreciably experiencing any 
effects from them, diminishes. The opposing atoms begin to exert 
an influence on the path of the ray, deflecting it a little. The heavier 
atoms will deflect it most. This effect has been very successfully 
investigated by Geiger. It is known as ^scattering," The angle 
of scattering increases rapidly with the decrease of velocity. Now 
the effect of the scattering will be to cause some of die raj's to 
complete their ranges or, more accurately, to leave their direct 
line of advance a little sooner 
than others. In the beautiful 
experiments of C. T, R. Wilson 
we arc enabled to obtain ocular 
demonstration of the scattering. 

The photograph (fig. 2), which 
1 owe to the kindness of Mr. 

Wilson, shows the deflection of 
the ray toward the end of its 
path. In tliw case the path of 
the ray has been rendered visi¬ 
ble by the condensation of water 
particles under the influence of 
the ionization; (he atmosphere 
in which the rav travels being in 
a state of supersaturation with 
water vapor at the instant of 
the passage of the ray. ft is 
evident that if we were observing tho ionization along a sheaf of 
parallel rays, all starting with equal velocity, the effect of the bend¬ 
ing of some of the rays near the end of their range must bo to cause 
a decrease in the aggregate ionization near the very end of the ulti¬ 
mate range. For, in fact, some of the rays complete their work of 
ionizing at points in tho gas before the end is reached. This is the 
cause, or at least an important contributory cause, of the decline in the 
ionization near the end of the range, when the effects of a bundle of 
rays are being observed. The explanation does not suggest- that the 
ionizing power of any one ray is actually 1 diminished before it finally 
ceases to be an alpha ray. 

The full line in figure l gives the ionization curve which it may be 
expected would bo struck out by a single alpha ray. In it the 
ionization goes on increasing till it abruptly ceases altogether, with 
the entire loss of the initial kinetic energy of the particle, 
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A highly remarkable fact was found out by Bragg, The effect of 
the atom traversed by die ray to check the velocity of the ray h 
independent of the physical and chemical condUion of the atom* 
Tie measured the ^stopping power 11 of a medium by the distance 
the ray can penetrate into it compared with the distance to which 
it can penetrate in air. The less the ratio the greater the stopping 
power. The stopping power of a substance is proportional to the 
square root of its atomic weight. The stopping power of an atom 
ift not altered if it is in chemical union with another atom. The 
atomic weight k the one quality of importance. The physical state, 
whether the element is in the solid, liquid, or gaseous state, is unim¬ 
portant. Ami when we deal with molecules the stopping power b 
simply proportional to the sum of the square roots of the atomic 
weights of the atoms entering into the molecule. This k the 
'"additive lew,” and it obviously enables us to calculate vvlmt. the 
range in tuw substance of known chemical composition and density 
will be, compared with its range m air, 

Tlik k of special importance in connection with phenomena wo 
have presently to consider. It means that* knowing the chemical 
composition and density of any medium whatsoever, solid, liquid, 
or gaseoujp wo can calculate accurately the distance to which any 
particular alpha rav will penetrate. Nor have the temperature and 
pressure to which the medium b subjected any influence save in so 
far as they may affect the proximity of one atom to another. The 
retardation qf die alpha ray in the atom is not affected, 

This valuable additive law can not, however, in strictness be 
applied to the amount of ionization attending the ray. The form 
of da? molecule, or more generally lldi volume f may have an influence 
upon this. Bragg draws die conclusion, from this fact as well as 
from the notable increase of ionization wadi loss of speed, that the 
ionisation is dependent upon the time the ray spends in the molecule. 
The energy of the ray b, indeed, found to be less efficient in pro¬ 
ducing ionization in the smaller atoms. 

Before leaving our review of the general laws governing the 
passage of alpha rays through matter, a point of interest must lie 
referred to. We have hitherto spoken in general terms of the fact 
dial ionization attends the passage of the mv. Wo have said 
nothing as to die nature of the ionization so produced. But in 
point of fact the ionization duo to an alpha rav b sui generis. A 
glance at one of Wilsonb photographs (Jig, 2) illustrates this. The 
white streak of water particles marks die path of the ray. The 
ions produced are evidently closely crowdu<l along the track of the 
ray. They have been called into existence in a very minute instant 
of" time. Now wc know diat ioms of opposite sign if left to them 
selves recombine. The rate of recombination depeuda upon the 
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product of the number of cadi sign present in unit volume. Here 
the mimlx'is pro very great and the volume very smull. Tho ionic 
density is therefore high, and recombination very nip idly remoras 
the tons after they are formed. We see here a peculiarity of the 
ionization effected by alpha rays. It is linear in distribution and 
very local. Much of the ionization in gases k again undone by 
recombination, before diffusion leads to the separation of the ions. 
Tliis “initial recombination” is greatest toward the end of the path 
of the ray where the ionization is a maximum. Hero it 111113 ’ he so 
effective that the form of the curve is completely lost unless a very 
largo electromotive force is used to separate the ions when the 
ionization is being investigated* 

We have now reviewed recent work at sufficient length to under¬ 
stand something of the nature of tho most important advance ever 
made in our knowledge of the atom. Let us glance briefly at what 
wo have learned- The radioactive atom in linking to a lower 
atomic weight easts out with enormous velocity an atom of helium. 
It thus loses a definite portion of its mass and of its energy. Helium, 
which is chemically one of the most inert of the dements, is, when 
possessed of such great kinetic energy, able to penetrate end ionize 
the atoms which it meets in its path. It spends its energy in the 
act of ionizing them, coming to rest, when it moves in air, in a few 
centimeters. Its particular initial velocity depends upon which of 
the mdioadive elements has given rise to it. The length of its 
path b therefore different according to the radioactive dement 
from which it proceeds The retardation which it experiences 111 
its path depends entirely upon the atomic weight of the atoms 
which it traverses. As it advances in its path its effectiveness in 
ionizing the atom rapidly increases and attains a very marked 
maximum. In a gas the ions produced being much crowded 
together recombine rapidly; so rapidly that the actual ionization 
may be quite concealed unless a sufficiently’ strong electric force 
is applied to separate them. Such is a brief summary of (he climax 
of radio active discovery— the birth, life* and death of the alpha ray* 
Its advent into science has altered fun da men tally our conception of 
matter* It is fraught with momentous bearings upon geological 
science. 1 low the work of the alpha ray m sometimes recorded 
visibly in the rocks and wWt we may learn from that record I pro¬ 
pose now to bring before you. 

In certain minerals, notably the brown variety of mica known as 
hiotitc, this microscope reveals minute circular murks occurring hero 
and there, quite irregularly. The most usual appearance k that of 
a circular area darker in color thou the surrounding mineral- Tho 
radii of these little dbk-shapod marks when well defined are found 
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to bp remarkably uniform, in some cnftpfi four-hundredths of a milli¬ 
meter and in others three-hundredths, about. These are the meas¬ 
urements in biotitc. In other minerals the moosuroincnUi are not 
quite the same as in biotite, Such minute objects are quite invisible 
to the naked eve, In some rocks they are very abundant, indeed 
(hey may be crowded together in such numbers as to darken the color 
of the mineral containing them. They have long been a mystery to 
petrologies. 

Close examination shows that there is always ft small speck of a 
foreign bodv at the center of the circle, and it. is often possible to 
identify the nature of this central substance, small though it bo. 
Moat generally it is found to he the mineral zircon. Now, this 
mineral was shown by Strutt to contain radium in quantities much 
exceeding those found in ordinary rock substances. Some other 
mineral may occasionally form the nucleus, but we never find any 
which is ttot known to be specially likely to contain a radioactive 
substance. Another circumstance we notice. The smaller this 
eerdred nucleus the more perfect in form is the darkened circular area 
surrounding it. When the circle is very perfect and the central min¬ 
eral clearly defined at its center we find by measurement that the 
radius of the darkened area is generally 0.033 millimeter. It may 
so met im fa lie O.O-lO millimeter. These arc always the measurements 
in biotite. In other minerals the radii are a little different. 

We sec in the photograph (pi, 1, fig. 1), much magnified, a halo con¬ 
tained in biotitc. We are looking at a region in a rock section, tho 
rock being ground down to such a thickness that light freely passes 
through it, Tho biotitc is in the center of the field. Quarts and 
feldspar surround, it- The rock ia a granite. Tho biotitc is not all 
one crystal. Two crystals, mutually inclined, are cut across. The 
halo extends acres® both crystals, hut owing to the fact that, polar¬ 
ised light is used in taking the photograph it appears darker in one 
crystal than in the ether. We see the zircon which composes the 
nucleus. The fine linested appearance of the biotitc is due to the 
cleavage of that mineral, which is cut across in the section. 

The question arises whether the darkened area surrounding the 
zircon may not be due to the influence of the radioactive substances 
contained in the zircon. The extraordinary uniformity of the radial 
measurements of perfectly formed haloes (to use the name by' which 
they have ]*ir»g been known) suggests that they may be the result of 
alpha radiation. For in that ease, no wo have seen, wo con at once 
account for the definite radius as simply representing tho range 
of the ray in hiotite. The farthest-reaching ray will define the 
radius of the halo. In the case of the uranium family this will be 
radium C, and in the case of thorium it will be thorium C, Now 
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here we possess a means of at once confirming or rejecting the view 
that the halo is a radioactive phenomenon and occasioned by alpha 
radiation; for we can calculate what the range of these rays will 
he In biotifce, availing ourselves of Bragg's additive law, already 
referred to. When we make this calculation we find that radium C 
just penetrates 0.033 millimeter and thorium C 0.040 millimeter. 
The proof is complete that Wft are dealing wilh the effects of alpha 
rays. Observe now that not only is the coincidence of measurement 
and calculation a proof of the view that alpha radial ion has occas¬ 
ioned the halo, hut It is a very complete verification of the important 
fact stated by Bragg, that the stopping power depends solely on the 
atomic weight of the atoms traversed by the ray. 

We have seen that our examination of the rocks reveals only t he 
twb sorts of halo, the radium halo and the thorium halo. This is 
not withnut tcachings For why not find un actinium halo 1 !N"ow, 
Rutherford long ago 
suggested that this ele¬ 
ment and its deriva¬ 
tives were probably an 
offspring of the ura¬ 
nium family; a side 
branch, as it were, in 
the formation of which 
relatively few t ram- 
forming atoms took 
part. On R utherford *s 
theory, then, actinium should always accompany uranium and ra¬ 
dium, but in very subordinate amount. The absence of actinium 
haloes clearly supports this view'. For if actinium was an indepen¬ 
dent element we would be sure to find actinium haloes. The differ¬ 
ence in radius should be noticeable. If, on the other hand, actinium 
was always associated wilh uranium and radium, then its effects 
would be submerged in those of the much mom potent effects of the 
uranium series of dements. 

It will have occurred to you already that if the radioactive origin 
of the halo is assured the shape of a halo is not really circular, but 
spherical. This is so. There is no such thing as a disk-shaped halo. 
Tho halo is a spherical volume containing the radioactive nucleus 
at its center. The true radius of the halo may, therefore, only be 
measured on sections passing through the nucleus. 

In order to understand tho mode of formation of a bale we may 
profitably study on a diagram the events which go on within the 
halo sphere. Such a diagram is seEn in figure 3. It shows to rela¬ 
tively correct scale the limiting range of all the alpha-ray producing 
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members of the uranium and thorium famUieeu We know that each 
member of a family will exist in equilibrium amount wit kin the 
nucleus possessing the parent element. Each Alpha ray leaving the 
nucleus will just attain its range and then cease to affect the mica. 
Within the halo sphere there must be, therefore! the accumulated 
effects of the influences of all the rays. Each has its own sphere of 
influence, and the spheres are all concentric. 

The radii m bioLite of the several spheres are given in the following 


table: 

VOAHtUM JAMI1T. 1 
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EibiiuiD .. . . 0.0330* 
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Thariiiia ........_ . .022 
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TlmriumX...._ .............. ,030 

lofdaiB. .0141 

Uranium 1 - - .. .0137 

Ummiim 2_ .0I1£ 

Radii; thorium.----....... , 010 

i Thorium___013 


In the photograph (pi I, fig. 2) we see a uranium and u thorium 
halo in the sumo crystal of mica. The mica is contained in a rock 
section and is cut across the cleavage. The effects of thorium i\ 
are clearly shown as a lighter bonier surrounding the accumulated 
inner darkening due to the other thorium rays. The uranium halo (to 
the right) similarly shown the effect a of radium C p but less distinctly. 

Haloes which are uniformly dark all Over, as described above* are, 
in point of fact, "oVb respond t M to borrow a familiar photographic 
term, Haloes are found which show much very beautiful internal 
detail. Too vigorous action obscures this detail just as detail is lost 
in an overexposed photograph- We may again have "underexposed 1 ' 
haloes in which the action of the several rays k incomplete or in 
wluch the action of certain of the rays has left little if any trace. 
Beginning at the most underexposed haloes we find circular dark 
marks having the radius 0.012 or 0.013 millimeter. These haloes are 
due to uranium, although their inner darkening is doubtless aided by 
the passage of rays which were too few to extend the darkening be¬ 
yond the vigorous effects of the two uranium rays. Then we find 
haloes carried out to the radii 0,010, 0,018, and 0.010 iiullbaetcr* 
The lost sometimes show vary beautiful outer rings having radial 
dimensions such as would be produced by radium A and radium C- 
Finally we may have haloes in which interior detail is ]mt so far fJ ut 
as the radius due to emanation or radium A, while outride this floats 
the ring due to radium C. Certain variations of these effects may 
occur, marking, apparently* different stages of exposure. Flats 2 
illustrates some of these stages* figure 2 of this plat* being greatly 
enlarged to show dearly the halo sphere of radium A. 
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III most of the cases referred to above the structu.rt=- evidently show* 
the existence of concentric spherical shells of darkened biatite. This 
b a very interesting fact, for it proves that in the mineral the alpha 
ray gives rise to the same increased ionization toward the end of its 
range as Bragg determined in the case of gases; and we most con¬ 
clude that the halo in every case grows in this manner. A spherical 
shell of darkened bUitite h first produced, and the inner coloration is 
only effected aa the more feeble ionization along the track of the ray 
in course of ages gives rise to sufficient alteration of the mineral 
Tills more feeble ionization is, near the nucleus, enhanced in its 
effects by the fact that there all the rays combine to increase the 
ionization, and, moreover, the several tracks arc there crowded by 
the convergency to the center lienee the most elementary haloes 
seldom show definite rings due to uranium! etcn, but appear as 
embryonic disk-like markings. The photographs on the screen 1 illus¬ 
trate many of the phases of halo development, Rutherford suc¬ 
ceeded in making a halo artificially by compre^ing into a capillary 
glass tube a quantity of the emanation of radium. As the emanation 
decayed the various derived products came into existence and all the 
several alpha rays penetrated the glass, darkening the walls of the 
capillary out to the limit of the range of radium C in glam. Figure I on 
plate 3 h a magnified view of the tube. The dark central purl is the 
capillary. The tubular halo surrounds it. This experiment has, how¬ 
ever, been anticipated by some scores of millions of yearn, for here m 
the same effect in a biotite crystal (pi. 3, tig. 2) . Along what are appar¬ 
ently tubular passages or cracks in the mica a solution rich in radio¬ 
active substances has moved, probably during the final consnlldat ion 
of the granite in which the mica occurs. A continuous and very 
regular ludo has developed along these conduits, A string of halo 
spheres may lie along such passages?. We must infer that solutions 
or gases abler to establish the radioactive nuclei moved along these 
conduits, and we are entitled to ask if all the haloes in this htotite 
are not, in this sense, of secondary origin, Thera is, I may add, 
much to support such a conclusion. 

It must nub be thought that the underexposed halo is a recent 
creation. By no means- All are old, appallingly old; and in the 
same rock all are probably of the same, or nearly the same, age. 
The underexposure is simply duo to a lesser quantity of the radio¬ 
active elements in the nucleus. They are underexposed, in short, not 
because of lesser duration of exposure, but because of insufficient 
actionp as when in taking a photograph the stop is not open enough 
for the time of the exposure. 

The halo has so far told us that the additive law is obeyed in solid 
rntnlia and that the increased ionization attending the slowing down 
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of thfl ray obtaining in gases also obtains in solids, for otherwise the 
halo would not (jommenco its development ns a spherical shell or 
envelope. But her® we learn that there is probably a certain differ¬ 
ence in the course of events attending Lho imnwdiftto parage of the 
ray in the gas and in the boM. In the funner initial recombination 
may obscure the intense ionization near the end of the range. We 
con mily detect the true end effects by artificially separating the ions 
by a strong electric force. If this rocombination happened in the 
mineral we should not have the concentric spheres so well dr fined as 
we gee them to he, Wlint r then, hinders the initial recombination In 
the solid ? The answer probably is that the newly formed ion is 
instantly used up in a fresh chemical combination. Nor la H free to 
change Us place, as in the gas. There is simply a new equiMbrinm 
brought about by its sudden production. In this manner the con¬ 
ditions in the complex molecule of biotite, tourmaline, etc., may be 
quitr os effective in preventing in U sal recombination as ih ■ niosL 
effective electric force we could apply. The final result Is that we 
find the Bragg curve reproduced most accurately in-the delicate 
shading of the rings making up the perfectly exposed halo- 

That the shading of die rings reproduces the form of die Bragg 
curve projected, as it were, upon the line id advance of the ray and 
reproduced in depth of shading, shows that m yet another particular 
the alpha ray behaves much the same in the solid as in die gay. A 
careful examination of the outer edge of the circles always reveals 
a sleep but not abrupt cessation of the action of the ra\\ Nowy 
Geiger has investigated and proved the existence of scattering of 
the alpha ray by solids. We may therefore suppose, with much 
probability, that there k the same scattering within the mineral 
near the end of the range. The heavy iron atom of the bin the i_s 
doubtless, chiefly responsible for this in biotile haloes, I nmy 
observe that this shading of the outer hounding surface of the 
sphere of action is found however mi unto Ihe central nucleus. In 
the ease of a nucleus of considerably slko another effect conies in 
which tends to produce an enhanced shading. This will result 
if rays proceed from different depths in the nucleus* If the nucleus 
was of the same density and atomic weight as the surrounding 
nuea there would bo little effect. But its density and molecular 
weight arc generally greater, hence the retardation is greater, and 
rays proceeding from deep in the nucleus experience more rcturda- 
Lion than those which proceed from points near to the surface. The 
distances reached by the rays in the mica will vary accordingly, 
and so there will be a gradual cessation of the effec ts of the ruvs, 
The result of our study of the brdo may lie summed up in the state¬ 
ment that iu nearly every particular we have the phenomena which 
have been measured and observed in the gas reproduced on a minute 
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si* (lit* in the hailo. Initial recombination scenvs, however, to be 
absent or diminished m effectiveness; probably Ins-a use of the new 
stability instantly assumed by the ionized atoms. 

One of tin* mast interesting points shout tbo halo remains to be 
referred to* Tbo halo is always uniformly darkened ail round its 
circumference and is perfectly spherical. Sections, whether taken 
in the plane of cleavage of the mica or across it, show the same 
exactly circular form, and the some radius. Of course, if there was 
any appreciable increase of range along or across the cleavage the 
form of the hide on the section across the cleavage should be elliptical. 
The fact that there is no measurable ellipticity is, I think, one which 
would not on first consideration be expected. 

For whut are the conditions attending the passage of the ray in 
a medium such its mica ' According to crystollugi-aphir conceptions 
wo have here on orderly arrangement of molecules, the uni in eum- 
posing the crystal being alike in mass, geometrically spaced, and 
polarized us regards tho attractions they exert one upon another. 
Mica, more especially, has the cleavage phenomenon developed In 
a degree which transcends its development in any other known 
substance. We can cleave if and again cleave it till its flakes Horn 
in tbo uir, and we may yet go on cleaving it by special menus (111 
the Hakes no longer reflect visible light. And not less remarkable ]$ 
the uni planar nature of its cleavage. There is little cleavage iu uiiv 
plane but the one, although it is easy to show that the molecules 
in the plane of tbo flake are in orderly arrangement and are more 
easily parted in some directions than in others. In such a medium 
beyond all others we must look v.iih surprise upon the perfect sphere 
struck; out by tin* alpha rays, because it seems certain that tbo 
cleavage is due to lesser attraction, and, probably, further spacing 
of the molecules, in a direction perpendirulnr to the cleavage. 

It may turn out that the spacing of the molecules will influence 
but little the average number per unit distance encountered by rays 
moving m divergent paths. If this is so we seem left to conclude 
that in spite of Us unequal and polarized attractions there in equal 
retard a tii in and equal ionization in the molecule in whatever diree- 
don it is approached. Or, again, if the encounters indeed differ in 
number, then some compensating effect must exist whereby a direc¬ 
tion of leaser linear density involves greater stopping power in the 
molecule encountered, and vice versa. 

The nature of the change produced by the alpha rays is unknown. 
But the formation of the halo is not, at least in its earlier stage?, 
attended by destruction of the crystallographic und optical proper¬ 
ties of the medium. Tho optical properties are unaltered iu nature 
but increased in iutansity. This applies till the halo has become 
*0 darkened that light is no longer transmitted under the eondi- 
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tions of thickness obtaining in rock sections. It is well known 
that there is in biotite a mrudiniiui absorption of a plane polarized 
light my when the piano of vibration coincides with the ]dano *4 
cleavage. A section across the cleavage then shows a maximum 
amount of absorption- A halo seen on this section simply produces 
this effect ill u more intense degree. This is well shown in figure 1 
(plate 1) on ft portion nf the halo sphere. The descriptive name 
» pleochraic halo" has originated from this fact- We must conclude 
that the effect of the ionization duo to tho alpha ray has not been 
to alter fundamentally the conditions which give rise to the optical 
properties of the medium. The increased absorption is probably 
associated with some change in tho dhemmeJ state of the in "ii jh wont. 
Haloes are, I believe, not found in minerals from which this element 
is absent. One thing is quite certain. The coloration is not duo 
to an accumulation of helium atoms, i- e., of spent alpha rays. The 
evidence for thb is conclusive. If helium was responsible we should 
have haloes produced in all aorta of colorless minerals. Now wo 
sometimes see zirruns in feldspars and in (junrh-, etc., but in no such 
case is a halo produced. And halo spheres formed witlJn and 
sufficiently dose to the edge d a crystal of mica are abruptly truncated 
by neighboring areas of feldspar or quark, although we know that 
the ravs must pa*s freely across tho boundary. Again it in easy 
to show that even in the oldest haloes the quantity of Indium involved 
U so small that one might say tho halo sphere was a tolerably good 
vacuum as regards helium. There is, finally, no reason to suppose 
that the imprisoned helium would exhibit snub a coloration, or, 
indeed, any at all, 

I have already referred to the great age of tho halo. Haloes are 
Hid, found in the younger igneous rocks. It improbable that a halo 
loss than a million yearn old has never been seen. This, prima facie, 
indicates an exlremidy slow rate of formation. And our calculations 
quite support the conclusions that tho growth of a halo, if this has 
been uniform, proceeds at a rate of almost unimaginable slowness. 

ij;t us calculate the number of alpha raj's which may have gone 
to form ft halo in the Devonian granite of Leinster- 

It is common to find haloes developed perfectly in this gnuiite 
and having a nucleus of zircon less than Axil) -4 centimeter in 
diameter. The volume of zircon is 65 X IQ -11 cubic centimeter and 
the mass 3XlO _ta gram, and if there was in this zircon 10"* gram 
radium pur gram (a quantity about five times the greatest amount 
measured by Strutt), the mass of radium involved is 3 X 10 gram. 
From this and from the fact ascertained by Rutherford that the 
number of alpha ray* expelled by a gram or radium in one second is 
3.4 X ID", wo find that three raj's are shot from tho nucleus in a year, 
If now, geological time since the Devonian is 5U millions of years, 
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thou tm millions of rnya built up tho halo. If geolugicid time since 
the Devonian is 400 niiliions of years, thou 1 S 200 millions of alpha 
rays are concerned in its genesis* Tho number of ions involved, of 
course, greatly exceeds these numbers, A single alpha niy fired 
from radium C will produce 2A7 X 10 a ions in dr. 

But haloes may be found sprite clearly defined and fairly dark out 
to the range of the emanation ray and derived from much lessor 
quantities of radioactive materials. Thus a dram nucleus with a 
diameter of Imt 3.4x10""* centimeter formed a halo strongly 
darkened within, and showing radium A and radium C as dear 
smoky rings. Such a nucleus, ou tho assumption made above m 

its radium content, expels one ray in a year. But, again, haloes 
are observed with less blackened pupils and with faint ring due to 
radium C p formed round nuclei of rather loss than 2x 10~* centhactor 
diameter. Such nuclei would expel one my in five yearn. And 
even lessor nuclei will generate in these old rocks haloes with their 
earlier characteristic features clearly developed. Tu tho case of 
the most minute nuclei, if my assumption as to the uranium content 
ia correct, an alpha ray is expelled, probably p no uftetier than onco 
|n a centuryj and [joaaibly at still longer intervals. 

The iN|iiilil>rium amount of radium con tamed in some fiuclri may 
amount to only a few atoms. Even in the ease of the Larger nuclei 
and more perfectly developed haloes the quantity of radium involved 
h many mMons of times loss than the least amount w'o can recognise 
by any other means. But the delicacy of the observation is not 
adequately set forth in this statement* We can not only tell the 
nature nf the radioactive family with which we arc dealing, but 
we can recognize tho presence of some of its constituent members* 
t may my that it is not probable the zircons are richer in radium 
than I have assumed. My assumption involves about 3 per cent 
of uranium, I know of no analyses ascribing so great an amount 
of uranium to zircon- The variety cyrtolito has been found to 
contain bn If this amount, about. But even if we doubled our 
estimate of radium content, the remarkable nature of our conclusions 
is hardly lessened. 

It may appear strange that tho cver-UitercsLing question of the 
earths age should Jind elucidation from the study of haloes h Never¬ 
theless the subjects are closely connected* The circumstanced arc 
m follows: Geologists have estimated the age of the earth since 
denudation began, by measurements of the integral effects of de¬ 
nudation* These methods agree in showing an age of about 10 s 
years. On the other hand, measurements have been made of the 
accumulation in mineral* uf radioactive debris—the helium and lead— 
and results obtained which, although they du not agree very well 
among themselves, are concordant in assigning a very much greater 
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figfl to Ihe rocks. If tho riulioactive estlmsito is correct, then v,'e iire 
now living in a time when the denudative forces of the earth are 
uWiit eight Or nine times as iicLive ns they have been on the average 
over the post. Such a. state of things is absolutely unaccountable. 
Ami all the mere iuiiicrftU.iltable because from all we know we would 
aspect a somewhat lesser rato of solvent denudutkm as the world 
gets older and the laud gets more and more loaded with the washed- 
out materials of the rocks. 

Both the methods referred to of Gilding the age assume the priu- 
eipls of uniformity, The geologist cull tends for imiformity through- 
out the |iiist physical history of the earth. The physicist chiimd 
the liki' for the change rates of the radioactive elements. Now the 
Study of the rucks enables us to infer something ns to the past history 
of our globe. Nothing is, on the other hand, known respecting the 
origin uf uranium or thorium—-the parent radtunctire bodies. And 
while not questioning the law ttml regularity which undoubtedly 
prevail in iho periods of the members of the radimteLive families, it 
appears to me that it is allowable to ask if the change rale id uranium 
bus been always what wo now believe it to bo. Tills comes to much 
the same thing as supposing that atoms posst^mg a bister change 
rate once were associated with il which were capable of yielding 
both helium and lead to the roek-s. Such atoms might have been 
collateral In origin with uranium from seme antecedent element. 
Like helium, lead may be a derivative from more than one sequence 
of radioactive changes, in the present state of our knowledge the 
possibilities are many. The change rale is known to be connected 
with the range of the alpha ray expelled by the transforming rle- 
meiil; and the coufurmily of the halo with our existing knowledge 
of the ranged is reason for assuming that* whatever the origin of 
the more active associate of uranium, this passed through similar 
elemental changes in the progress of its dkuitegriitiofu There 
may* however, have been differences in the ranges which ihn hub 
would not reveah !t is remarkable that uranium at the present time 
b apparently responsible for two alpha rays of very different ranges, 
if these proceed from different deniml-S one should be faster in its 
change rate than the other. Some guidance may yet be forth- 
coming; from the si tidy of the more obscure problems of radio¬ 
activity^ 

Now, it is not improbable that the halo may contribute directly 
to tilts discussion. We ctm evidently attack the biotile with a 
known number of alpha rays and determine how many are required 
in produce a certain intensity of darkening, corresponding to that 
uf a halo with a nucleus of mendurable dimensions. On certain 
assumptions, which are correct within defined limits, we cun calculate! 
rta l have done above, the number of rays concerned hi funning the 
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hftlo. In doing so wo assume sumo value for the ago of the halo. 
Let ua taka tho maximum radioactive value. A halo originating 
in Devonian times may attain a certain central blackening from the 
efforts of, say, 10 s rays* But now suppose we find that wo can not 
produce the samo degree of blackening with this number of rays 
applied in the laboratory. What are we to conclude? I think 
there is only the one conclusion open to us, that some other source 
of alpha rays, or a faster rate of supply, existed in the past. And Lhb 
conclusion would explain the absence of haloes from the younger 
rocks; which, in view of the vast range of effects possible in the 
development of haloes, l% otherwise, not easy to account for* It is 
apparent that the experiment on the bioiite has a direct bearing 
on the validity of the radioactive method of estimating the ago of 
the rocks, ft b now being carried out by Prof. Rutherford under 
reliable conditions. 

Finally, there is one very certain and vain able fact to be learned 
from the halo. The halo Las established the extreme rarity of 
radioactivity as an atomic phenomenon. One and all of the specu¬ 
lations as to the slow' breakdown of the commoner elements may be 
dismissed* The halo shows that the mica of tho rocks b radio¬ 
active ly sensitive. The fundamental criterion of radioactive change 
is the expulsion of the alpha ray. The molecular system of \ho 
inicji and of many other minerals is unstable in presence of these 
rays, just us & photographic plate Ls unstable In prepuce of light. 
Moreover, the mineral integrates the radioactive elTects in the same 
way as a photographic salt integrates the eJfecte of light- 1 ti both 
cases the feeblest activities become ultimately apparent to our 
Inspection* We have seen that one ray in each year since the Do- 
vonian period will build the fully formed halo, unlike any other 
appearance in ihe rocks. And we have been able to allocate all the 
b a lues so far investigated to one or tho other of the known radio¬ 
active families. We are evidently justified in the belief that had 
other elements been radioactive wc must cither find characteristic 
haloes produced by them, or else lind a complete darkening of the 
mica. The feeblest alpha rays emitted by the relatively enormous 
quanUtSb i of the prevailing elements, acting over the whole duration 
of geological time—and it must by remembered that the bailees 
we have keen studying arc comparatively young—must have regis¬ 
ter vd their effects on (lie sensitive minerals. And thus we are 
saifc m concluding that the common dements, and, indeed, many 
whiHi would be called rare, are possessed of a degree of stability 
which has preserved them unchanged since the beginning of geo¬ 
logical time* Each lmaffeeted flake of mica b, thus, unassailable 
pnj'd of n. fact which but for the halo would, probably, have been 
forever beyond our cognizance. 
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Notwithstanding so many important discoveries, the oldest of which 
{lata back scarcely more than a century and a half* geology* u very 
young science, is still full of mystery. Wo are laboriously trying U> 
nr oust rue t a story which had no human witnesses, the traces of 
which have been for the greater part destroyed or are to-day buried 
under the mountains or the soils at depths compared with which 
the thickness of the inch which covo-ra Pompeii seems trivial. little 
by little we bring together again some scattered dire da; we compare 
them with present phenomena which seem to us to offer an analogy, 
and proceeding by inference we tty' to reach some genera! conclusions 
which by later investigation we may verify experimentally m certain 
details* But ai least we must have the testimony as full as possible 
of all these existing traces of ancient phenomena or of present com¬ 
parable phcuomniin. All that the geologist can do is to go over the 
surface of the globe, hammer in hand, observing and collecting us 
he goes. As a rule, he doe* not dig; ha personally does not search 
below the surface, for the means, except in favored countries, 

would for lacking for that work. He b therefore compelled to plead, 
to bog for aid in every quarter, Ha asks it chiefly from minei^ from 
well diggers, from biiildeia of tunnels and from excavators who pene¬ 
trate beneath the soil for him. He seeks it from explorers, who, 
though inexperienced in geology, visit the less accessible regions of 
the globe, the deserts, the polar glaciers. He will demand it even 
from astronomers who bring him cosmic dements for comparison and 
to whom he will try in exchange to furnish, for the interpretation of 
a vast universe, positive evidences and prerbe facts established on 
our little earth. He will demand much—and thb is the point winch 
I wbh to examine—from oceanographers whoso bold explorations 
have for their aim to in some degree increase our knowledge of w hat 
we here term the geology of the bottom of the sens. 

Oceanography is the geology of the future just as physical geog¬ 
raphy is in certain respects the geology of the present and as geology 
proper is, above all, the reconstruction of the past, 
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At the bottom of the sen*, side by aids with llie continuous work of 
nil turn! fun us— of gravity, of chemical precipitations ami dissolutions 
myriads of beings live and die, innumerable generations succeed ouch 
other and develop to finall y accumulate inert deposits, width in later 
millions of years shall become the sedimentary formations of a new 
hind just as to-day in Tour nine, in Normandy, in Champagne the 
chalky limes tones wliich nourish cur crops and from which wo ox tract 
material for the construction of our houses are the product of bryojso- 
ans, of forniuiuiferu of tbe Cretaceous age. A glance at the geolog¬ 
ical formations which make up the solid sul^tratum of our arable Sand 
is enough by the presence of innumerable remain* of marine sheila tu 
establish the fact iJmL the greater part of these chalk beds were formed 
in the sews. Beside these marine sediments the lake, river, and other 
sediments play hut a minor part. And if in comparison with the 
sedimeiitorv deposits proper wo considered the formations due to an¬ 
other great source of terrestrial activity—fire—we could show, dis- 
regaiding the plutonie rocks, that the evidences of these igneous 
rock* occupy a limited area at the surface. It is true that the p!u- 
tcmic rocks would soon predominate if we could dig down a short dis¬ 
tance into the crust of the globe. At a depth of -I or i kilometers 
(which appears to us enormous because we are very small and because 
our took are very insufficient, but which is only a shallow depth in 
the e,4lKI kilometers of radius of the car till, wo should find the sedi¬ 
ments would disappear, giving place almost exclusively to igneous 
rocks. But this geology of the depths, width perhaps will bo tbe 
geology of our successors, unfortunately is not yet for us. And if 
one is "limited os we are to the surface of the earth, the part played 
by tbe waters, especially by the marine watere, becomes absolutely 

predominant. Tf 

Geology was made by the waters; it was made by the seas. II 
water, as it is passing away in other worlds, hod not rsisLed at the 
surface, this geology would be altogether different; and the day 
when active water shall have disappeared from the surface of the 
earth, winch m»v happen, though perhaps only by congealing, the 
laud will be detul; its geological history-, as we understand it at least, 

will he ended. . 

Thus oceanography permits us to see in operation before us t.iiis 
Work of the waters, which has played such a preponderant part in the 
construction of the earth's crust. There arc some sediments, com¬ 
parable to those of geological strain, which are now in process of fore 
mat ion in the seas, just as the scenery prepared in the mysterious 
places beneath the stage «f a theater is caused at a given moment 
to spring up to alter the scene. Of the method of these great changes 
at which wo can not bo present, but of which the ancient equivalent 
constitutes our geologic history, oceanography informs us, The 
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explorations undertaken with so much success during; the past 
years in ocean depths show us similar strata in process of depoeitioii 
and enable us in a measure to be present at the first stage—the suh- 
mbiinfi stage—of those sedlmenb* whose ancient equivalents Lave had 
likewise in their turn a history now terrestrial, now marine or lacus¬ 
trine lignin, so complicated, so changeable with vicissitudes so 
diverse and such changing fortunes. 

We must not forget, however, and on this point X must insist 
because it U fundamental that wliat today is the land, wm y ester- 
day p and to-morrow may again be p the ocean. Our moving and 
changing earth, while earned on its unbridled course through space, 
is unceasingly developing and is transformed, just as lira the living 
beings on its surface, whose changes wo can see, by laws which though 
of another nature Lave none the less, In their origin, one and the same 
cause—the very general principle of tendency to equilibrium and to 
least resistance. The movement of the waters pass and repays over 
our continents like the tides ou a beach. Twenty times in the short 
period which represents one of our geologic stages a locality like 
Paris has been covered by the Hoods or has emerged again. There is 
not a spot on our globe which bus not, like that Atlantis whoso his¬ 
tory last year M. Tcrmier so eloquently recalled to us + been sub¬ 
merged by the ocean after having been inhabited for a time by ter¬ 
restrial beings. And to-morrow, perhaps, if geologic history con¬ 
tinues, ns everything indicates it will T some new changes of the same 
order may he product for example, in the troubled zone of our 
Mediterranean Sea—the emergence here of lands and the reflux of 
the acos driven from their old bed coming to submerge the conti¬ 
nents. The features which seem to us the most essential of our pres¬ 
ent physical geography are only entirely momentary forms, pro¬ 
visional and ephemeral* destined to disappear in this perpetual move- 
meuL of destruction and construction, in this incessant turmoil of 
forces and of mutter which moves the universe in space as well 
as the atoms in a grain of sand. Geology teaches us also that the 
highest elevation^ of the globe, those which to men of antiquity 
seemed to constitute the oldest parts of the earth, the bodies of titans 
struck by lightning in their fight against the heavens, the Alps, the 
Caucasus, and the Himalayas, are quite recent wrinkles of our crust, 
the heights and escarpments of which remain only because time has 
so far failed to erode and destroy them. It shows us likewise in the 
deepest abysses of the sea some recently formed hollows. 

By reason of these incessant movements, while the bottom of 
the seas is the laboratory where future continents are made, it is 
also the vast tomb when? are concealed and preserved, in such 
measure as the mummy of the past may be preserved, certain con¬ 
tinents that have disappeared- The geology of the marine sub- 
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Virata has no reason for being different from the geology of tho con¬ 
tinents save thi.- inevitable restriction that necessitates the progress 
wive evolution of fill forces -working on our planet The present 
formation k the continuation of ancient formations disturbed by 
similar accidents. 

But here I come face to face with an objection about which T 
must say a word* Scow standard treatises will confidently tell of 
the permanence of the great oceanic basins. Especially will you see 
in certain works which are in the hands of everyone the statement 
that the Pacific has always been an ocean. 

On what doe# this theory rest? Almost exclusively on the fact 
that our geologic strata contain no deposits in which can he dearly 
identified any formations from great depths; fur I do not consider 
as a valid argument the fact that the outline of the Pacific coasts 
seems formerly to have been marked by channel# where coursed the 
marine floods of former age#. The first object ion p on tho contrary. Inks 
its value. In fact, if you asked me to cite a geologic stratum repre¬ 
senting a depth of 4,000 to 8,0tK) meters, I should be ranch embar¬ 
rassed to do » t all hough certain manganese deposits jLssoritiled with 
r&diotimana have sometimes been considered oe belonging to a great 
depth* But I do not think that this is positive proof and here k the 
reason* First of all, it will be observed that the land baa necessarily 
much of tenor been subjected to movements of slight range, capable 
of causing e me rgence from depths of 50 to 100 maters, than to move¬ 
ments great enough to bring beds bark to light from hollows of 
10,000 meters. These deep hollo wh stand by themselves and besides 
must always have constituted exceptional case#. Simple logic there¬ 
fore leads to the conclusion that the representative deposits in our 
strata must preferably come from littoral sedimenLii or from alight 
depth. Abysmal deposits on any hypothesis must therefore be 
much Hirer, unless there k in them a primary difference, a demarca¬ 
tion traced from the first day on tho model of our planet. If those 
abysmal deposits appear to be locking, that may be explained in two 
ways without necessarily concluding the in definite persistence of tho 
great oceanic hollows L It k either because wo do not know how to 
recognize these deposits, transformed as they have been by diugen- 
esis and mctamorphkm in a movement of the crust which, by its 
very ox tent, has h ore reached the greatest violence, or else because 
they may have been disintegrated and carried off at the time of thk 
violent emergence, 

I reeognke Lhul these arguments would be of little value if s on the 
other hand, all gcok^gy did not impress us with the idea that tho 
gens have been coantanily displaced cm the surface of the earth, 
and not only such small seas m the Baltic, the Nofth Sea, and the 
Mediterranean, which are tho immediate prolongation of neighbor- 
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big continents, but even oceans like the Atlantic or the Indian. Ocean, 
where we so naturally picture ancient contincnti having united 
Brazil and South Africa, or Madagascar and India, to be later 
broken up by sinking These sinkings must have been not merely the 
couiiteiM^idvident of folded ranges localized along the length of old 
geoeyncliMs; it is entirely probable that they had as a consequence 
nr-as a corollary the removal* at least relative, of other deep tec- 
n-<trml cavities, left so by the passing out of the waters. In the 
Pacific likewise the evident dissolving of certain Tertiary deposits, 
notably in some of the coral rikiuLs proves that the land lias moved 
vertically in a recent epoch. 1 

Oceanography will some day tell us exactly what there is m these 
hypotheses. Suppose, in fact, that a marine basin hud been con¬ 
stantly filled by the sea since its origin (w hich with few exceptions Is 
entirely possible}. We then ought at this point to meet with a 
sedimentary series complete, without break, ex tending from the 
pre-Cambrian to the Quaternary. A sounding deep enough, travers¬ 
ing this scries, Would give us the ideal geologic section, the integral 
section* which would render insignificant the finest sections fur¬ 
nished by terrestrial cscaqunents (such m the Colorado Cany on)* 
on condition, which k uncertain, that the parts of the formation not 
very deep might not have been entirely despoiled of their organisms 
and reduced to a clayey residua by diagenesis. Even i f the see Lion 
presented .some gaps its study would give us information, in a pre¬ 
cise and directly experimental way, on one of the most obscure 
problems in the histoiy of the globe* 

I repent then, because l know that my opinion on this point is 
nnt accepted by allgeokjgists* that as a rule, save in exceptional cases, 
it does not appear to me necessary to establish a fundamental differ¬ 
ence* a permanent difference, bid ween the regiom to-day occupied by 
the seas and those occupied b}- term fircna, I do not bclfcvn that 
in their entirety, with some p^jssible exceptions to wldch we shall 
return, the present oceans, since the beginning of geologic his Lory p 
have had their sites marked ouL in advance to be continuously occu¬ 
pied us heretofore* by the waters. The difference between the seas 
and the continents* which forms the most characteristic feature of 
our physical geography, k to my eyes only a momentary stage in a 
continuous evolution through all past ages and probably destined to 
bn continued through all ages yet to come. 

When one studies geology, the first notion with which it is noees- 
aary to familiarize cmeeetf is that of the instability of the seas. One 
must picture to himself that over the present site of all our conti¬ 
nents, almost without exception, Lke sea* have passed during an 
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ancient geologic epoch—sit Paris as well as fit Ignition i*r at Vienna. 

I even believe, and here I conclude this digression* that the greater 
part of our present seas cover the sites of imcSent continents and 
may mark the place of future continents* 

Tills comparison between oceanic and continental geology presents 
a very extended program fnr our study. 

In the fmt place, contintuital geology includes the study of certain 
horizontal strata, such as the limestones, auniktmics. schists, Hr. w 
a study tailed stratigraphy. Fie re especially nn i some formation® 
deposited under the waters of ancient dens which formerly covered 
our globe* We shall very naturally find again at the bottom of the 
sen* similar deposits in process of formation; the present composi¬ 
tion of these* marine deposits "wi-tl enlighten us as to the past of our 
geologic sediments. 

This present sedimenUtlon hi the scjis is the part of oceanography 
which has most attract oil the attention of geologists; it is likewise 
the best known phase of Our Subject and will interest, us lhe longest. 
It proposes a multitude of questions: on the uRpoct of the deposits 
wit 1 1 relation to the topography of the bottom of the sen* ami on that 
so convenient hypothesis of horizontal &L ratification which, accord¬ 
ing to Sl£non. Is the basis of our geologic theories; then on tin- organic 
and chemical nature of these sediments; on she transformaticn^ that 
I hey have undergone by dingenesk at the very bottom of the sea, 
Tu this regard, especially, the problems that confront us urn of pecu¬ 
liar interest. Wo know from geology that the stmt a emerged on 
the continents continue through all ages to undergo tixmsfornmtions 
wliich at times end in making them unrecognizable and one of the 
essential traits uf which Ls the gradual elimination of the organic 
remains by their transition to a crystalline structure* This k what is 
called metamorphkm or nudasomatosk. In ihe present marine sedi¬ 
ments we shall come to sco in actual operation phenomena which 
appear to me very closely to resemble those of metasomatoak and 
to which is given the name, also a bit barbarous, of diagenesk. 
These are modifications undergone by marine deposits at the bottom 
ol ihe seas, consequently before their emergence; modifications 
which, for chemical reasons as yet not fully determined, seem to end 
in results very analogous to those of metasoma Lotus at the surface. 

Ami the geology of the sea bottom will also bring before us that 
other great branch of geologic formations called igneous rocks. We 
ahull have a word to say about submarine volcanoes 

Finally, no more than does terra firms remain immovable, does 
the sea escape results of internal movements* Thera are small, rela¬ 
tively feeble earthquake shocks* There art' also the great geologic 
movements shown by their two principal forms of vertical displace¬ 
ments and foldings. Finally, from some such movements of the 
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crust have come in geologic history those oHnftatioiis of the seas of 
which I was speaking a while ago. 

Ami we shall cm! hy examining how an ancient sea could become 
dry land, how an undent continent could become sen. This will 
haul us definitely to discuss the but tom of the sea us a comment, and 
to attempt that method of mapping which sums up I he entire geol¬ 
ogy of a country, the establishment of submarine geologic charts. 
You see that this is a very comprehensive program, and one that 
would fit an entire book rather than u single lecture. If l were to 
give it tho development that it deserves, l should be obliged to appear 
before you many times. I shall bo content, therefore, in this lecture 
to indicate its most characteristic outlines. 

At ibis point I must confess to you, furthermore, that my task 
consequently, if not cosy, will at least ho abridged. The geology of 
the bottom of the seas, with which I shall try to entertain you, is 
still very poorly known to us. Interrogation points are presented 
Cm all sides and very few of them have been answered. Wo should 
ti«t complain too much about this. No doubt what l shall have to 
say to yon here this evening will lack interest. Rut what is not 
known remains to be learned. That is the harvest of ihe future. It 
is the grain which is springing up. It is the almost unexplored field 
where one may hope some day to find the key to problems that 
terrestrial geology elsewhere proposes to us. The search that arouses 
the fever of discovery is always joyous, when in the great palnce of 
truth, here Hooded with light and surrounded hy the throng, there 
already lighted by polo rays and accessible to the rare passers, it 
jicrecivcs some comets now shrouded in dense darkness where in 
imagination it ho[>es may presently ahinc forth marvellous invisible 
treasures which hardly yet attract the covetous. * 

Although we know little of the geology of the bottom of the sees, 
it b almost enough to define it, to comprehend it. Oceanic geology 
proposes to tie, as I have said, for parts of the earth at present again 
covered bv the waters, the same problems that terrestrial geology 
seeks to solve in regions now emerged. Jt likewise seeks to know, 
from one point to another, what the accumulation of sediments is 
which have been deposited in successive periods of a very old history 
or which are 1 still being deposited there, to what movements these 
Strata have been subjected, what eruptive rocks have traversed them. 

_ Whether located in the depths of the oceans or placed on our con¬ 
tinents, the point uf view, from tins fuel alone, is nut different. Now 
We already often have much difficulty in recognising the complete 
and exact geologic history of a place on our continents, the very 
ones most, readily accessible, like Pans, the most furrowed by cut¬ 
tings and perforated by borings. How much more so when it is 
necessary to work under water several thousands of meters deep i 
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Diffimilt m it may be* however r the problem ia not insoluble* 
Although uiifortoiutely the attention of oewmtfgruphers has up to 
this time been attracted rather by submarine topography, zoology, 
the physical and chemical study of sea water, and other questions, 
we begin to possess valuable data concerning the present sediments 
of ocean bottoms. It may be hoped that some day, instead of limit¬ 
ing the work to the epidermis of these submarine deposits, we shall 
penetrate them better by deeper uhd still deeper borings* 

The day when we shall energyticuIIv iU lark such investigations, 
an entire world will be opened to science, without doubt full of unsus- 
pi'Cieil revelations: a world in which from afar we are beginning to 
discern the first confused views. 

L PRESENT SEGMENTATION. 

(a) SIR MARINE TOI^OCiftAPRY. 

Lot us pause for ti moment and view the manner Lev which the 
sediments arts deposited at the bottom of the present seas* Here 
first of all comes in submarine topography, of which we are b eginning 
to have a fairly approximate idea* It hits frequently been observed 
thiii, (his topography differs from that of the continents hi the fact 
that a line dust is constantly falling there, and being but slightly 
influenced by the currents- though agitate! in shallow water, is accu¬ 
mulated that* hy gravity alone, filling Utile by little thn hollows and 
tending toward a gradual leveling* It has liofln observed in this 
connection that one could gti in a carriage from Breat to New \ urk 
over the sea bottom without having any definite notion of slopes. 

This relative horizon tality of sea bottoms, from which as a matter 
uf cQTirse we must exclude the shores.- has geologic importance; St is 
in fact, the point of departure of a convenient hypothesis, which, 
according to Stdnon, dominates our geology—that of horizontal 
sediment a superposed in the order of the if format ion and having taken 
their present elopes only through sorue later orogenetie or mountain- 
making movements. It is obvious, however, that this is a mere 
approximation; and when one finds along the western coast of 
America wmn* iil>y^*s of 4,0€U to 5 f QW> metric depth immediately 
succeedingranges of the some relief; when to the mmth of the Aleuthm 
IsEimds or to the east of Japan, to the east of the Tonga Islands (north 
ef New Zealand), to the enat of Australia, md_ elsewhere, one falLs 
abruptly into these gulfs, attaining in turn case* a depth of 0,700 
meters, in the presence of slopes estimated at more than 10 kilometer^ 
m 21 Kt to 300 kilometers of breadth -it is no longer a question of 
giitulo slopes* It b the same as regard* the holes in the Caribbean 
Sea 5,200 meters deep, ©r on a smaller «ctde, those ni 3,000 meters 
found 15 kilometers south of Chute, or in an opposite case, as regards 
the chain of isles rising in the midst of the Pacific like summits of a 
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submerged mountain range. It may lie said on the subject of sedi* 
nicntnt i<m r however, that on steep slopes, deposits must hold so inso- 
Cfordy that sediments comparatively thin must have- a tendency 
toward presumed horizontal! ty> 

To limit ourselves Lo two principal examples, iho topography of 
the Atlant ic b rather simply characterized by two deep zoneri extend¬ 
ing north and south that indent a plateau surmounted by volcanic 
cones. In the Pacific p there are first of all, along the coa^t, some deep 
hollo ws corresponding with the folded ranges of the shores. B ut there 
is also a long series of hollows extending in an east and west diroe- 
lion from Chinn toward the Gulf of Mexico, and T in the south them 
is a north and south hollow at right angle* to the preceding which 
passes Lo die east of Jfcw Zealand, a hollow* consequently having 
a direction like that of die American continent or of the Atlantic 
Ocean. These accidents well indicate the complexity of the topog¬ 
raphy of this ocean, which has sometimes been inaccurately plotted, 
and they imply a very complex ensemble of folds pertaining to vari¬ 
ous ages, with vertical subsidences, just as on the continents. 

Tho horizontal aspect of the non littoral sediments should be con¬ 
sidered only as a tendency accentuated with time by the very effect 
of so mo of the first deposit* under which the inequalities of the bottom 
have been leveled. It has sometimes been held that when the sea 
has invaded a continent it has been preceded by what has boon called 
a marine abrasion. And, in fact, it is possible, when the movement 
is made slowly alter a period of emergence which has caused a pone* 
plain, that this kind of tide has almost invariably displaced horizontal 
sediment*. It could not have been the same whatever the vertical 
displacement was n sudden matter nor whenever tho invasion of the 
sea was the result of a folding in a goosyndina] zone* if wu come 
back to tho present epoch, there is every evidence that strictly con- 
tcni|jomneotis sediments arc being produced tonlay, some at 3,000 
meters and more in depth, others but a few meters below the level of 
the waters. I^et us, than, exclude tho abysmal hollows, for wo have 
$eon Unit they lengthen the discussion. Certainly the level of con- 
temporuneous sediments similar to thosnof geologic periods may differ 
according to location! by some 2,000 meters One sees, therefore, 
how inexact it is to prejudge the general horizontailty of sediments 
pertaining to the same ancient epoch* 

(6) V An [A RLE NATTTtE OF &EDIMXHT&, AJTO UlACEXEstS. 

Wlnu Lh now going on in the bottom of the ocean ? I mean, what 
is going on there in tho very special order of geologic ideas? The 
firsi thing that interests us is that sediment* are being deposited there 
and that their nature differs according to the depth of the water* the 
distance from continents, the direction of currenisj the temperature 
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of surface watore, etc. Starting with our geologic strata, we slrnll 
thuH Ik* permitted to disc over under what conditions analogous sedi¬ 
ments hare formerly been deposited. For the exploration of oceanic 
deposits, wc are provided with wall-known instruments called the 
sounding dredge or the Buchanan tube. 

In the formation of these sediments a first important demarcation 
must be established. Some are the product of the mechanical 
destruction of continents. These are clastic debris removed front 
the recks and the soils of parts emerged, and after having been rolled 
around for a time, and for a longer or shorter period held in suspen¬ 
sion, Lhev arc at last deposited. These are terrigenous deposits. 
Others have hc>gun by being in solution, but all have a like origin, 
and they separata from Lhese solutions, either by the medium of organ¬ 
isms, or by a simple chemical reaction. Finally, other chemical 
reactions, characterised as diagonesb, continue in the sediments after 
their deposition. 

The terrigenous deposits proper form ft crown or licit around 
the continents. These cease at a distance from the continents and 
an- followed by sediments entirely different in character, either 
those of organic origin, resembling a grayish ooze, which wo shall 
presently distinguish, or those of chemical origin which may tako 
on the appearance of red clays. This distinction of terrigenous de¬ 
posits is very important, although one must not attribute to them, 
ns » sometimes done, a too absulutn value, for, correctly apeak big, 
tb'tt' are hardly any sediments which do nut include some terrige¬ 
nous elements. Far distant from the coasts, however, these ter¬ 
rigenous elements are generally reduced to very fine pari talcs which 
remain in suspension much longer than is generally believed and which 
contribute toward the clay of the deep ooze, at the same time that 
this cloy, r(dissolved, ns we shall see, yields the silica of siliceous 
organisms and consequently contributes to the format ion of affex in 
the strata. When instead of confining oneself to a s ummar y state¬ 
ment, an examination b made of certain sections of samples from very 
deep soundings, ono often notes thesso irregular intercalations of 
extremely fine, true sandy beds* 1 * * which indicate a dragging along of 
these particles by the waters to very considerable distances. 

TlnsiO dot ritnl sediments, as 1 have just Bsid, come from continents; 
they arc the direcL product of erosion. Now, this erosiun is impor¬ 
tant, It b estimated that under present conditions it would destroy 
tho land hi 7,OOU,UOO yearn; each year the ocean receives 10 cubic 
kilometer* of solid mu tonal, composed hi great part of silica and 

alumina. 5 
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These dctrital materials are subject to mechanic a I action which is 
especially visible along our shorts* anrJ which contributes to the for¬ 
mation of littoral strata so abundant in our geologic periods. At the 
samo time the river \v liters c arry along to the sea chemical products 
of every nature which are going to meet in this general outlet and 
wliich gradually increases not only the salinity but nLso the content 
of various c hemic'id substances, reserves on which wc shall see the 
organisms drawing. 

Terrigenous muds are divided into (1) blue muds charged with 
sulphate of iron and permeated with ammonia salts; (2) red muds in 
wliich the iron Lh a peroxide; (3) green muds in which the iron is in 
the state of silicate (glauconite). These last skirt the length of the 
coasts. The facts under discussion are so well known that it is 
enough to wall thoir nature and I shall limit myself to some brief 
ideas on the distribution of organisms in marine deposits, a verv 
important but also very common phase uf my subject. 1 

Marine beds, you know, comprise a primary grand division called 
the continental plateau, terminated by the line of 200 meters depth 
and characterized by the penetration of luminous rays under such 
conditions that plants can live there, permitting the existence of 
herbivorous animals. Certain seas, like the North Sea or the Channel, 
belong entirely to this continental pbiteau. Two principal zones are 
hero easily distinguished, the littoral and the Sublitteral, which tire 
subject to the play of the tides, and where the individuals, of a limited 
number of species, are very abundant. The summit of the littoral 
zone Is characterized by the level of the Balance; then deepening, 
there are the My til us, the Littorina, the Patella; and finally, in the 
zone exposed only At the low title* of the equinox, the Ilaliotb and 
the Pec ten. After these come next, from the level of low tide down 
to about 27 meters, the zone of the Laminaria with the oyster bods 
the cuttle-fish, and the calainarians. Let us note, incidentally, that 
at this level the algae help to fix and to isolate two constituent 
elements of sea water, iodine and bromine, which are extracted 
therefrom. 

Lower down, from 27 to 92 meters, we have a zone which comprises 
the important fishery regions frequented by the cod, plaice, tur- 
bot, and solo. Finally we come to the continental plateau, where, 
under very special conditions, are found the coral formations, which 
play u part so imfwrtant in the formation of geologic strata. As 
regards coral the most important tiling for us to remember is that 
coral organisms live only in very puro water where the surface tem¬ 
perature docs not fall below 20“ and where the variation doe* not 
exceed 0“; in fa ct, at a depth which, according to recent measure- 
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mcnts, does not exceed 84 meters for true corals and 120 metere for 
calcareous illg® of the group of millipares* On account of the^B very 
close restrictions the coral reefs of to-day occupy a much localized 
zona in the vicinity of the equator; and tfao fact that in the oldest 
geologic periods corals extended into the polar regions Is of great 
importance in the history of ancient climates* 

These corals present opportunity for another curious observation* 
Darwin, after some very hasty observations, advanced a theory 
accepted by Dana, according to which the construction of cond reefs 
demonstrated a gradual sinking of corresponding regions. According 
to the theory of Murray, now admitted, the cord reefs simply mark 
out submarine volcanic cones, such as exist in great number in the 
Pacific. Some such cones have been recognised by iKapnpgrupbera. 
The Nero pointed out 20 of them on a cable route between Japan and 
Hawaii, one rising U> within 150 meters of the surface, others reaching 
from a depth of G P OGO meters up to 1 f 20Q meters below sea level, etc* 
It k cm these rones that organic sediments ut first accumulated (and 
that since what may bo a very ancient geologic epoch), dow n to the 
tiny when coral organisms from the deep, such as the Lithotbanmlum, 
begin to be established there and approach the surface at the rate of 
m meters in a thousand years. In fact, and rather paradoxically, the 
cords often play only an accessory rAlo in the construction of so-called 
coralline reefs, certain of which present scarcely anything except calea- 
reons alg;e. Then intervene tho remains of these ealciu'oous dements 
and the accumulations of various organisms which become established 
on the reef. 

Wc come finally to sediments of the deeper seas* These are com¬ 
posed chiefly of organisms which arc divided into two principal 
categories—(p) calcareous deposits with globigerina or with ptero- 
peak; (1) siliceous deposits with radiobirians and diatoms. 

The influence of temperature on the distribution of these organisms 
Is very marked. In warm waters the cidcarooua organisms dominate; 
in cold waters only the siliceous organisms exist, and it thus appears 
how botli of them procure the elements of their substance. 

As for lima, which L* in fairly appreciable amounts in sea water, 
there are no trace® of carbonate concerned, but the sulphates are 
much more developed. Those are transformed by carbonate of 
ammonia coming from the organisms, and the carbonate of lime i* 
then secreted. As tho decomposition of nitrogenous matter is 
especially rapid in warm waters, those reactions are there favored. 
Tlio calcareous secretion, abundant in regions of uniformly high 
t-amfHjratuie, diminishes in temperate regions where its maximum 
ukes place in summer, and nearly disappears in the poW Tories. 

Thus tho calcareous organisms, the gbbigerina, play r5|p entirely 
dominant. Nearly all the sea bottom contains at least 10 per cent 
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of it, hut the name globigeriiifi ooze is reserved for cases where the 
proportion exceeds 30 per cent. These globigerina oozes contain 
a little less than 2 per cent of siliceous organisms and a curtain 
proportion of clay, which tends to bo increased by the dissolving 
of limestone in di agones is. Finally the globigerina oozu becomes a 
rod day. 

A map of the marine beds reveals the predominant role of these 
globigerina oozes, except in the Pacific, where the latest explora¬ 
tions of the Albatross have, however, found some stones of consid¬ 
erable extent. More locally at o maximum depth of 3,000 meters 
some ptempod oozes are found, which are indicated on the map of 
the Atlantic, 

Let us pass now to the siliceous oozes. Hero tho origin of tho 
silica is tho clay which exists in fine suspension down into the extreme 
depths. It is supposed that the chemical medium is furnished by 
decomposing organic matter which reduces tho sulphates to alkaline 
sulphides, after which the latter in their turn act on the day. Ex¬ 
periments by Murray and Irvine liuvo shown that in order to sus¬ 
tain life in diatoms in a liquid there must be a supply of pulverized 
day. 

Now, tho quantity of clayey materia] remaining in suspension 
increases in proportion as tlin temperature of tho water decreases. 
This is without doubt one of the reasons why siliceous diatoms are 
particularly abundant in cold water. But this phenomenon is 
complex and tho observation should not be generalized upon. 

Tho siliceous organisms comprise sponges, diatoms, and radio!a- 
rians. Only the last form in the sea distinctive deposits. Tho others 
remain in a state of balance in tho calcareous deposits. Sponges 
havo a very extended area of dispersion because their embryos swim 
freely and their spicules are found in tho most diverse strata. They 
ftro quickly dissolved and help to keep tho silica in motion. Di¬ 
atoms, siliceous algro, Lira in waters of weak salinity, such os estu¬ 
aries. Immense floating banks of thorn are met with in tho Atlantic 
many kilometers long and several meters deep. They aro developed 
like calcareous alga in tho upper layers of water, where they serve as 
food for numerous marine animals, after which their debris falls to 
the bottom. An extensive train of them is found in tho Antarctic 
Ocean, another to tho south of Bering Strait. And, furthermore, 
contrary to what, was claimed some years ago, the Albatross observed 
them in a warm region in latitude 12° south on tho coast of South 
America. Tho radiokrians live chiefly in warm and relatively quiet 
waters. Their deposits form an equatorial track across tho Pacific 
from tho Gulf of Mexico toward Australia, then between Australia 
mid Java. In places in tho Pacific the siliceous organisms dominate 
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in the but it Is chiefly in the Antarctic Seas that they come 

strongly into eonri deration* attaining 1ft percent. 

Wo have just indicated the distribution of those various uo^, 
Lot us see how they are formed and what they become. 

First of all w note the influence of surface currents, which accord¬ 
ing to their temperature develop more or less organized life of this or 
that character. Along warm currents the surface organism descends 
into the sea* serving to nourish other life deeper down which in turn 
descends still lower. On the surface borders of these currents the 
variations of temperature sometimes produce grout slaughter. 
Finally there is formed near the bottom a dow chute of organic 
particles, some calcareous* others siliceous* 

These particles before teaching the bottom certainly undergo 
partial dissolution and seme chemical reactions* the more accentu¬ 
ated as they take more time to descend. This is the beginning of 
the transform at inns that wo call diageneek. Some of the ahove- 
mentioned differences between deposits of various depths arise 
from this. Thus tho fragile sholb of pteropods are usually dissolved 
before reaching a depth of 3,000 meters and for that reason they are 
not found deeper down. The gjobigerina have greater resistance* 
hut end by disappearing in their turn m the groat depths. This 
is why in the Fadiic ? deejHir than tho Atlantic, so few of them are 
found at great depths, although they may be abundant at the surface. 

Once deposited at tho sou bottom the oozes continue to undergo 
like transformations which must gradually give a different aspect 
to like deposits according to their age of formation, or, when these 
deposits have later been brought back to daylight in geologic ages, 
according to tho duration of fchoir sojourn in tho sea. 

These reactions are not yet well known. Chemically there would 
be opportunity hero to study what effect may be produced in ou/.e* 
of various compositions by sea water at about 2° of temperature 
ami at the great pressure there. 

In reviewing some of tho observations made ou this subject lam 
struck by the apparently close analogy between these phenomena 
and those which characterize tho superficial alterations of our strata 
in the lino of peroxidation, directly exposed to waters strongly 
aerated and charged with cariioiiic add. Some very different condi¬ 
tions lead to tho some result. The Jimt fact, fur example, k the 
elimination of lime, dei^dcUicafion. Wo have already remarked 
that tho deeper the ocean but tom the loss do calculous shells appear 
thorfi* bunco at great depths wo find manganifeTous rod day likii that 
which deoaldiiealinn and In tori t kalian, produce on our plateaus* 
Tlia Gaum expedition at the center of tho Atlantic brought up some 
soundings in which there w*aa dearly less lime at the bottom than at 
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the top. Somo I in vo believed in a modification in the conditions of 
doped lion; I wo old rather believe in a later alteration, At tho same 
time, however, as At the Hurfaco, the proportion of magnesia increases 
because the bicarbonate of magnesia and of lime is less soluble than 
tho carbonate of lime ; there is dolomitization. 

On the other hand, there is produced at centers of attraction f ex¬ 
actly ns at our horizon, a concentration of silica and other aeceasury 
bodies to which I shall presently revert, stick as iron, manganese, 
and phosphate of lime. It is very probable that many similar con¬ 
centrations observed in our geologic strata date from tho epoch 
when the sediments in question wore still under tho sea, although 
the phenomena may undoubtedly have been continued and accen¬ 
tuated after emergence. Among the phenomena of dissolution one 
may aiill observe that on the great marine bottoms where the sharks 1 
teeth and the tympanum drums of whales are at times rather abun¬ 
dant, all other parts of their skeletons have been dissolved; gen¬ 
erally all that was phosphate of lime has been eliminated, tho calca¬ 
reous parts having the greater resistance. 

Once dissolved^ the substances tend to recrystallke. Oalcite, for 
example, will refill ad the empty spaces, notably those loft by the 
dissolution of the skeleton or of the shell i which is thus replaced by 
a substituted shell with crystallographic orientation- 

Likewise hi malm rock, the silica arises from the spicules of the 
sponges and is reprecipit&ted in the form of silk* globules for ex¬ 
ample, in the interior of the foraminifera, etc. 

One of the most important of the oceanographic formations which 
must be connected with diagenesis is, that of the red clays with de¬ 
posits of manganese. 

Red clay was found for the first time by the Challenger at a depth 
of 5,000 meters, and WyviUe Thomson considered it a residue of the 
globigeriiui cose* The accepted theory is otherwise, and according 
to Murray this ml clay is ordinarily attributed to the decomposition 
of various rocks, especially the volcanic rocks winch form the marine 
bottom. 

Perhaps this would be the place to review, in a way, the explana¬ 
tion of Thomson and to say that in tho very great depths every thing 
la transformed into jred clay because everything calcareous is dis¬ 
solved before reaching there. Thus at the surface of continents wo 
see red days of slightly varied compositions, 1 with more or less 
silica associated with the alumina, produced as well on the calcareous 
pkteaus, m the so-called pockets of siliceous day, as on the serpen¬ 
tines of New Caledonia or on the ancient plateaus of Madagascar, 
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The red clay of the seas ia formed essrTJliully of brick red silicate 
of alumina, with a tint of chocolate brown, or even blackish, due to 
the more or less marked development of manganese. 

This development of manganese often in large nodules, constitutes 
a comparison besides with surface formations where [ have shown 
how characteristic and abundant it is. 3 The manganese of the red 
days, which hm too exclusively been connected with volcanic rocks, 
really comes from all kinds of eroded rocks in which the feeblest 
majiganiferous traces occur in the remarkable process of its concen¬ 
tration. 

The hydrated silicate of alumina which is the characteristic ele¬ 
ment of these red clays is accompanied by zeolites, by small frag¬ 
ments of pumice or by volcanic crystals fin ihe Pacific with millions 
of sharks’ teeth, the tympanum bones of whales, etc.). It would be 
Interesting to point out the quantitative differences that these various 
clays present which must pertain to their origin. On the average, in 
the analyses of the Chalkn^er the quantity of iron was more than 
that of alumina. There is often a proportion of silica too great for 
the theoretic composition of silicate of alumina; the silica, due no 
doubt to the precipitation of siliceous organisms, not yet being trans¬ 
formed, Likewise, the proportion of carbonate of lime always re¬ 
mains very great, up to 23 per cent in a Challenger {specimen, from 
a depth of 4,207 meters Carbon a Le of magnesia reaches 3,24 per 
cent, and results, no doubt, from a concentration similar to that pro¬ 
duced on the coral reefs. 

(c) FORMATION OF J'IK>SPHATES AND FERRUGINOUS SEDIMENT A. 

Wo come now to study the ordinary and common deposits which 
constitute the great moss of sediments. There are, however, some 
rarer deposits more exceptional, which may be of practical interest 
t<i us. They are those composed of utillable accumulations of 
mineral wealth, the relative commercial value of which depends on 
whether its elements have been brought together there in an abnor¬ 
mal manner. The sea, which I have elsewhere colled the universal 
drain, holds some traces of all chemical bodies, including gold, which 
is found there in quantities not at nil negligible* This or that circum¬ 
stance may cause the concentration of one of these dements nod 
from it form a true ore, I shall be content to examine, as examples, 
two bodies, phosphate of lime and iron, having already said o word 
about manganese* 

Let us first take the phosphates. If a direct examination bn made 
of the phosphates of our geologic strata without fir^L having recourse 
to a comparison with oceanography one finds that phosphate of linu% 
very abundantly, one might say very generally, scattered through 


I Clin Etui LiL F ytf, i, p, se, ar r ij to3_ 2 . Jip, 




GEOLOGY OF BOTTOM OF &£A5—DE LA UN AY* 


345 


Lhe greater part of our sediments. as it is in the state of apatite in 
most of our rocks, is condensed in exceptional quantities in certain 
deposits which appear in a general way, as JL Cayeux observed in 
IS07 P to correspond to some dlalLur bailees of equilibrium causing tin 
advance, or more rarely a withdrawal of the sea; a phenomenon in 
which it is probable that numerous living things were killed by 
changes of temperature resulting from a modification in the cur¬ 
rents. and consequently are accumulated at the bottom of the sen. 
Phosphate, which existed at first in solution in sea water, has passed 
through the medium of organisms; and its greater or less abundance 
is in accord with that of these Organisms themselves, save that they 
Liter have undergone some more or less pronounced con cent rat ions; 
in the sea itself by diagenesL or. after emergence, by metasomatosls/ 

This b the general theory that oceanography demonstrates for us. 
The CfuMtngsr expedition has already brought up from the depths 
rather numerous phosphstie concentrations, These concretions were 
encountered especially on what is called Agulhas Bank to the south 
of Capo of Good Hope, where the German expeditions in the Gazdh 
and tile Fa/diria again found them later, then on the east coast of 
Japan, at the junction of the warm Kuroshimo with the cold current 
of the Bering Sea. on the Atlantic coast of North America, in tho 
straits of Florida, etc. The corresponding depths of water do not 
exceed 1,000 meters and arc often less than 200. It nmy follow 
from, this, that in the 1 greater depths the precipitated phosphate of 
organisms is dissolved before reaching tbo bottom. 

When on is. general map of the oceans you mark these localities 
of phosphate concretions you note that they arc specially present at 
the pointe where warm currents encountering a cold current produce 
decided variations of temperature in tho surface water. You know 
how sensible marine organisms arc to variations of this bind* It is 
therefore probable that organisms thus killed arc accumulated at Lhe 
bottom of the sea at the corresponding points and have there fur¬ 
nished the phosphate. These organisms should be especially invert 
brutes -but there must bo added some fishes, the teeth of which abound 
in certain phosphatie chalks. The constant association of carbona¬ 
ceous material with geologic phosphates equally proves this organic 
origin. Along the American coast, for example, a conflict is pro¬ 
duced between the cold Labrador current and the warm waters of tho 
Gulf Stream. According to the severity of the polar w inter, tho cold 
current encroaches more or less on the warm stream. It was so in 
lfiS2 when in the Atlantic Ocean oil the coast of New England there 
appeared, over u width of 270 kilometers, beds of dead tUeflsh to a 
depth of 1.8 meters. On the other hand a general dispLaccment of 
the seas and especially a transgression on the continents must have 
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been a purlieu I arly active muse of changes in the course of ocean 
currents ami consequently of similar destructions* 

This is one of the reasons, as I have elsewhere stated* why each 
great period of folding has been followed by a phase of phosphatlo 
deposition, just as we find after it, from somewlint different though 
mutual causes, oil-baaring hydrocarbon deposits, saline deposits, and 
deposits of iron* 

If we revert to the phosphates, the greatest concretion which hm 
been dredged up came from Agulhas Bank, whom there are some 
genuine greensands (glauconitic) in the phosphates similar to those 
of the upper Cretaceous; it measured 2'£ by 16 by 12 centimeters. 
Of tenor these nodules, like those found in geologic strain, as m the 
Gault or the Lisins£\ are less than IQ eentimetere. Their form is 
similar, being irregular, the contours at times rounded, sometimes 
angular and with an outer deposit which is at limes dark and shiny 
when the phosphate existed in the ooze, at other times gray and dull 
when this phosphate leaving the ooze was covered over with organ- 
kins, such us bryozoana, corals, sponges, and foramimfera. The 
nodule itself is often covered with sheila of lamellibronehs, brichio- 
poda, and gasteropoda, more or less completely phosphalized, us so 
often oecum with geologic phosphates; we also find in it particles of 
calcite, of glauconite, and of detrital minerals. The relative propor¬ 
tion of she lb fixes the relative amount, of carbonate of lime it contains. 

Final l v, you observe, in these present phosphatic nodules, a fact 
which is constant in the geologic strata; that is, the transition into true 
iron ores through the medium of the glauconite. The nodules are 
often yellowed or browned by peroxide of iron due to a decomposi¬ 
tion of the glauconite like that which we shall see taking place in the 
formation of true iron or«s T and, like that, curiously similar to the 
phenomena produced in the superbcia! <a>nt mental reactions above 
the hydrostatic level, in what is called the zone of peroxidation, 
Potash, a soluble element which plays, an important rflle in glauconite, 
in eliminated as it may become exposed and that is why the iron is 

poroxidized. 

This is a case of what I have above called diagencsis; but other 
cases exist which apply more directly to the phosphates* In a 
chalky oofr* of phosphatic elements, one can readily ascertain that iho 
phospliatc is gradually concentrated and concreted around nuclei 
already phosphatized, like that produced in the growth of all crystals, 
or likewise by pseudomorphism, on some aim pin calcareous elements 
This concentration began beneath the sea—it m di agenesis; it continued 
by nietasomatosLa after the emergence of the phosphates to their 
present levels, and it has thus played an enormous rftle in the for¬ 
mation of utUizabb lodes as they are presented to us T The soluble 
phosphate which appears to bo at first in the state of phosphate of 
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ammonium, but which may ahw be in the state of alkaline phosphates 
or of phosphate of calcium, gradually impregnate the adjacent 
strata, especially those that are ctilcarecms (polyps, corals, etc.), and 
sometimes even the day,, and becomes substituted for theta, tending, 
through a correbitivo attraction exercised on fluorine, to take the 
composition of apatite, which is a errs tabbed fluo-phosphate of lime. 

The study of ferruginous sediments oifeis like date for Vciy inter¬ 
esting oceanographic observations on the interpretation of our iron 
arm 

In the present murine deporiU, independent of sublitkrrid oozes, 
we find iron cither in the form of glauconite, or as rad clay, each of 
these formations corresponding to a different origin and conditions. 

Glauconite of the present seas is a silicate of iron and potassium 
which chiefly characterizes some terrigenous deposits, particularly 
the muds and greensands* It is found along the continents, at a 
depth not exceeding 2,OOQ motors, but only where the terrigenous 
sedimentation is slow, without heavy fluvial supplies and where, con- 
scquently, tlie phenomena of solution and rap red pit atiun have time 
to act. It is evident that the iron of lids mineral comes from the 
rocks and strata remolded by the sea, as it* potash has for its origin 
the feldspars and potassium miens* For the dunrino-alkaline sili¬ 
cates which chiefly characterise all our rocks is substituted a ferro 
alkaline silicate, the alumina separating out from the other part as 
clay, to enter presently in the composition of the chlorites. This 
substitution is one of the first essential effects of the solvent reactions 
exerted by sea water, and we may at once note that lake water is 
powerless to produce a like chemical transformation. There is no 
glauconite in lake waters, probably because the Iren in these waters 
h readily dissolved by the organic acids and immediately peroxb 
dbed by the excess of oxygen in them, lasing brought to precipita¬ 
tion under various forms, the most characteristic of which is bog 
iron, or limonite, instead of combining with the silica. Glauconite 
has a certain tendency to form small nodular grams not exceeding 
ont^ tenth of a millimeter* I have just remarked that it is frequently 
associated with phosphate, and like this has a tendency to develop 
by epigenesis, for example, from grains of feldspar* lake silk*, the 
rib of which is very similar, glauconite becomes solidified first on 
porous objects which have contained eliminated organic matter, such 
as the pores of fomminifera, or in tho thin fissures of minerals* Then 
begin in the still submarine deposit renewed movements, some of 
which, purely mechanical, accumulate the grains of glauconite at 
certain points by levigatbn such as has taken place in the tufas, 
and other movements, of chemical origin, result in the gradual con¬ 
centration of iron. 
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WIipii ferruginous demen tg under whatever form once exist in_ a 
stratum, they do not remain there unchangeable, The glaucomte 
in altered, turns green, yellow, red. At the same linm iron permeates 
neighboring ooats where it acts on the calcivreoua dements. There 
la then a transition to eideiite, which itself may later be transformed 
into chlorite, then into hematite. 

Theao phenomena, begun beneath the sea and compelled from 
that time to form true ferruginous deposits, are continued, as we 
have seen in the case of the phosphates, in exterior alterations (by 
geologic processes) with gradual enrichment in iron because of the 
elimination of the more soluble calcareous dements which at first 
accompany them. You have then, at last, cither some hematite, 
if alumina was lacking at the outset it- is the case excepL when the 
glauconite is already associated with a calcareous ooze; or, when the 
point of departure was direct, on alumino-ferrio silicate complex, 
like that ordinarily presented in our rocks, a red clay, retaining 
alumina associated"with iron. Tho red clay and the iron ore proper 
may have, as can be readily understood, easy transitions from ono to 

the other. . , . , , , 

This study, as you see, throws a certain, though imperfect tight 
un the important practical question of our sedimentary iron ores, 
Vnd I would have you observe apropos, in passing, how pure science, 
science totally disinterested, winch seems to have for its object only 
the search for truth, often bos some useful results. 

It could not bo foreseen that dredgings undertaken at the Imtlom 
of Una sea would enlighten us on the origin of the ores of iron or man- 
gonese, and enable us, consequently, better to establish tho theory 
of tlieir formation, and finally to lead to borings at o great depth 
permitting the development, under conditions at first unforeseen, of 
an immense reservoir of iron like that which at this moment is 
making the fortune of Normandy. 1 

n-r ^iQYEMESTa nF THE BOTTOM OF THE &EA$—SUBMARINE 

VOLCANOES 

The movements of marine bottoms are of two kinds. You might 
Is^re see tho slow dkffacemmta to which certain obsenmliuii* on 
oar chores bow witness, or the deep subsidences of which geologic 
history offers us numerous examples I could tell you of tho cities 
of Ya and of those avenues of statues which on certain islands of 
tlte Pacific must have led in days of yore to some temple to-day 
engulfed beneath the seiw Not to boro you, I will confine myself, 
however,, to some brief observations on volcanic phenomena. 

i Wf: wuM profitabTf *M*-ux* nm-nj ndh#r rinjwLiniLifl, penJiaakrlr ih* Lmsmtation Etodtr*! m Bmlimm. 
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The ancients attributed the- birth of ait the blinds in the 
Archipelago to a sudden upheaval in which the gods intervened, and 
likewise they thought that the islands could be engulfed by the 
anger of Poseidon* * Although the origin of moat of the large island* 
may have been entirely different, the undents were not so fur wrong 
to their own region. For the history of Santorirt, and of the 
famous bland of Julia* are classic example.* of like phenomena. Thu 
bland of Julia appeared in 1831 between Sicily and Pantellivim 
There were first some shocks; then* 15 days after* a column of 
water and smoke rose 25 meters high; a little later there wa* n 
column of 500 meters; finally there appeared an bio 4 meters high in 
the form of a crater, while the sea around was covered with dead 
ifi.-qli«a _ |n 5 days it rose from 1 meters to 2fl motors, and a month 
after the first movement the bland uiturned 1,000 meters in diameter. 
Six months later it was engulfed. It reappeared in 1303 to lie 
swallowed up again* There w< re similar phenomena seen at Said m in 
in IS60 : at the Azores, near San Miguel Island, in the Tonga Archi¬ 
pelago s and elsewhere. Saint Paul Island Ls a known example of 
im extinct volcanic crater which rises from the sea and which the 
sea invades. 

In other cases, submarine cables have been found with the gutta¬ 
percha covering completely melted. 

Marine movements of in tern a 1 origin are uf two kinds, 1 There are 
first of all earthquakes properly so called, as their center of action may 
be on land or sea. Their principal effect as to land b the propagation 
of a vibratory wave* but with a regularity and a uniformity main¬ 
taining a mean, which are lacking ■ -a our continents. When a vessel 
is subjected to these earthquakes nt Sea there is the Lmprcsdon of ir* 
touching the bottom, without* however* suffering damage* and there 
is astonishment at not seeing the ocean foam on the reefs* Reaching 
the shore, the undulation produces tidal waves which may have been 
evident on the const Qf Cornwall and on that of Brittany, but which 
are transformed into cataclysm* on the shores of Japan ami Sumatra, 
some of which* called frunomb* have caused the death of 30,000 to 
200*000 persons. Other phenomena of volcanic origin have for their 
principal mmiif^Ution a projection of water to a great heigh l , like 
that produced by a submarine explosion + Elevations of tempera Lure 
are like wbe observed in the deep beds, and sometimes fish seem thrown 
out like flying fish and cover the sea with their bodies. The region 
noted by Daussy, in the middle of the Atlantic, at the equator* is a 
well-known center for these phenomena. 1 

i 'Mmitmm i,k XUIk'F . U iMnsIqw, p. 1fiacst seq. 
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3r GEOLOGIC map of the bottom OF THE SEAS. 

i coma finall y to the last- problem, which, in tjpite of ita great 
interest, will not detain mo long, for its solution is yet hardly out¬ 
lined—to prepare a geologic map of the bottom of the seas, mid, by 
means of that, to reconstruct the history of the oceans as one may do 
for the continents. 

What 1 have already said on the present accumulation of marine 
sediments explains how n Buchanan soundipg tube lowered to the 
bottom of the sea does not an a rule penetrate beyond the recently 
formed ooze and consequently gives no information on Lhe geologic 

substratum. . , . ., , 

The exceptions are few. Let us limit ourselves to the mention of 
some excavations whose passages have penetrated a slight distance 
under the seas- for example, those in Brittany. The only place 
where work of this kind lots been done methodically is at Pas-do- 
Calais, the- geologic map of which has been very nearly completed in 
view of the proposed tunnel. * 1 But the Pas-de-Caiais, fur an ocean¬ 
ographer Of a geologist, is hardly a sea. Its depth is so alight (a 
maximum of GO meters between Dover and Sangatte) that it must be 
likened to a submarine valley across which the sedimentary forma- 
Lions are prolonged vtiy perceptibly from ont b shore in Lbc t^her. 
At the beginning of the Pleistocene epoch communication between 
England and the Continent could still be had on foot. That is why 
this region offered a good field for soundings which in 1875 and 
1870 gave us more than 3,000 profitable llimws of the sounding lead. 
Thanks to these date a complete map could be drawn, showing the 
l,Hidings of successive strata from the Senonian in the north to 
beyond the lower Cretaceous in the south. These soundings have 
shown that muter tin- Assured and permeable Cenomanian and Seno- 
niftn chalks there existed in the Cenomanian some impermeable 
argillaceous beds. On the condition that the tunnel bo kept in this 
Cenomanian bed, or 130 meters below the sea at the lowest point, it 
could be easily constructed. Xou know that this project has recently 
become again a live topic. 

Aside from this very special place, we have very few items to 
glean.’ However, at various points ou the Channel, at Berek, at 
St. Alikin (Calvados), again at IWolT, there have been found s-mo 
Eocene fossils, especially mumnulites, proving that at the beginning 
of the Tertiary epoch the sea had already passed, the length of the 
French coast, and had there left some deposits. I- nether on, toward 
England, off Plymouth, some ilredgings made in the open sea have 

iJk* tiilunp Apt. Hi Itrfft, nlkl ibrVUi) 44 
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brought tip some Cretaceous blocks showing c lutt maria* * 1 cruslncca 
might, Inm? existed between the two important peninsulas of Corn¬ 
wall and Brittany f and consequently justifying the inference lhat 
since the Cretaceous epoch this might have been the site of a marine 
furrow. The same series of dredgings enables us to trace on the map, 
from Mori n ix to Plymouth, lifter these Eocene- and Cretaceous epochs, 
pnme successive zones of Liasric, then of Triadic, with ancient strata 
in the vicinity of the continent, Thus a scries of ancient seas might 
have existed on the site of the Channel to lead,probably during tie* 
beginning nf the Pleistocene, to an emergence during which the Chan¬ 
nel must have played the part of a continental valley and tlnally 
resulted in a last submergence of which we see the effects. 

On the Atlantic coast we have but little information in regard to 
the continental shelf or plateau to the west of Ireland, where the 
tones of strata which become visible on the continent appear to bo 
prolonged under the sea. In the Atlantic Ocean itself volcanic rocks 
are found at Various points denoting high bottoms not covered over 
with sediments, Notably* GOO kilometers north of the Azores, at a 
depth of 3,000 meters, some jugged (lows of Java have been found 
which were almost certainly solidified in the 2iij\ l 

Everywhere else wo are awaiting information not yet furnished us 
by oceanographic soundings, and in order to reconstruct the history 
of tho ancient- eras we are reduced to deduct ions based on the con¬ 
tinuity of geologic zones, on the nature of the faunas ami Lhe floras in 
various epochs* and on t he relations between these faunas ami floras* 

In brief, wo are led thus to con reive the various types of seas: 
(l) Tho iyp* of coni: men Ltd shelf or plateau prolonging the neigh¬ 
boring eontimuiis in El gentle slope, which the faint movements of 
equilibrium may alternately move again above nr below the sea {tho 
North Ben, the Baltic, Hudson Bay), etc,; (2) tho Typo of geosyfi- 
cliniil depression in connection with foldings which take at first (ho 
aspect of tv marine furrow or ridge, to give place some day to a high 
iilpiiio chain and on which, in proportion to its fragility, become 
accumulated volcanic and seismic irregularities (ifoditerranesui); 
C'O the Atlantic type, whoro successive subsidences through irregu¬ 
larities *>f unequal depth extending north and south have abruptly 
sliced off geologic zones of nearly perpendicular direction, and where 
the slopes crocus these parpen dicular zones without the least account 
bring taken of them, a recent ocean at its central axis elevated w ith 
volcania manifestations ; 3 and, finally, (4) the Pacific typo in which 
geosynclinal troughs with ranges of folding warp an immense block, 

* Ffttrut ud ItflVrt it wiled Id L-Dj near Cap tfi 1 Vrrm (ArdU. jxmi, espfr. el pp. n a^S’ 
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or mi assemblage of blocks, deeply and unequally hollowed out, with 
folded rangtw welded to solid arch stones, and on the summits of 
these folded ranges wreaths of islands outlining arabesques. 

In conclusion, after having seen what is at present occurring In 
die sea, and having shown by comparison how lids study of the 
present sea yields information on the story of the ancient seas, wo 
are led to ask ourselves whether this same story will go on indefi¬ 
nitely, whether the seas will continue to be displaced on the surface 
of the globe. 

I do not think the seas can ever bo lacking on the earth, at least 
not until the day when the earth becomes only an extinct and frozen 
globe. It does not seem to me, in fact, that the loss in water could 
be very great at the surface. Grant ing that to a certain depth there 
purely' do not exist empty cavities in which this water could be 
engulfed, it cun disappear only through chemical reaction by yielding 
its oxygen to tho oxidation of rocks, while the hydrogen escapes 
into the heights uf tho atmosphere. Such a rRuction us that certainly 
does take place. Tho land exhales hydrogen, end low art! a height 
of 70 to SO kilometers tills hydrogen takes the place of nitrogen. 
But this is a much restricted phenomenon compared with the immense 
volume of tho seas which, if spread all over Lho earth, would form a 
mantle of water 3 kilometere thick, and which even now cover three- 
quarters of the land. Thu oxidations, to bo effectual, must become 
more and more limited bv tho fact that the region of tho crust where 
thev act could not exceed 60 kilometers. On the contrary, it is oven 
very possible that volcrmism and certain thermal springs may furnish 
«t the surface some new water, fresh, never having sfon the light. 
I believe, thou, hi conclusion, that the total volume of the seas, which 
must, no doubt, have been dimini shing since the beginning of geologic 
time, at the same time that their salinity was increasing and an 
their average temperature has been reduced, might diminish still 
more. Yon will see tho same phenomena continued, but they will 
without doubt ho retarded more and more in such a way that tho 
cooling of tho sun, which will lead to tho death of the earth, will 
probably have lunt time to be completed before those seas have 
disappeared. 


RECENT OCEAXOGRAFmC RESEARCHES- 1 


By Cu- QtL\vm% Sc, B, 


L 

From cruise* far and wide across the seas, especially during the 
nineteenth century, sailors and traveler* brought back large collec¬ 
tions of many varieties of animals and plants To the explorations 
by Dumont d'Urville, du Petit-Thoiiars, Fdron and Losueur, Quoy 
and Guimard, Hombron and Jacquinot. and others, tlie Museum 
tTEEsstoiro Netnrelle owes the great number of origm&l typetf which 
make up iU rich collections. The marine organisms collected by 
them were taken, for the most part at least, either between tides 
or in surface waters, without special appliances. 

The cruise of the OkaBmfffr around the world (1S73-187G) marks 
an important date in this class of scientific explorations. Not con¬ 
tent with the accumulation of a mass of material for zoological study, 
they also made observations on the conditions of the environment 
in which the captured animals lived. The nature of the sea bottoms 
was studied: the depths and the temperatures of the sea waters along 
the cumse were recorded* This was the beginning of a new branch 
of the science of oceanography, which has in the years succeeding 
undergone great development-* 

This was also the hegi lining of a series of explorations conceived in 
the 3 iime spirit and undertaken by different countries: The Tm- 
vaiTkur and the Talisman in France, the National and tho Yakima 
in Germany 7 the Siboga in I follimd, the Invtvtiwitur in India, the 
Bill'*: and the AUMiirom in the United States, and others, without 
taking into account tho numerous expeditions which traversed the 
Ait tie Sens and those which penetrated the Antarctic Ocean, 

Special mention is due the crushes of the Prince of Monaco in the 
Atlantic Ocean and in the region nf Spitsbergen. 

n. 

It is, however, only at a very recent date that tho methods of 
oceanograpMo investigation have been fixed and systematised. It 
to bo exact, in 1902 that the nations bordering upon tho North 
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Sea I England, Norway, Denmark, Germany, and Holland) established 
the “Permanent IntenialioiiiLl Council for the Exploration of tho 
Sen/" with a central laboratory at Christiania. 

Oceanographic studies are of two kinds. one physiccMjlteinicnl. the 
other biological. The first includes the determination of lbo depth 
of tho sea bottom and tho study of tho bottom; determination of 
the tempera I me, the salinity, the gaseous contents of the sea water, 
the color mid transparency of the water, and finally the study of 
currents. These investigations require the use of special ins t rumen is r 
involving n technique tho details of which it is impossible to enter 
into lien 1 . It is enough to say I hat several of these operations take 
jdtice ut the same time. Tims, when a sounding is made and a hjhti- 
men of the bottom secured at the point sounded, the temperature is 
observed and specimens of the water at various depths taken. 

The biological investigations pertain to all organism* both animal 
and vegetable which pass 1 heir existence in the sears: to their evolution, 
to their distributing etc,: they are specially concerned with the ex¬ 
tremely varied organisms which move actively or float passively in 
the superficial Layera, and which constitute the so-called plankton, 1 
a name we commonly reserve for the organisms of very small >izv 
which often swarm at tho surface, in differentiation from the animals 
of large ^ize like lhe fishes which inhabit tho same regions; to the 
former class we r-ojntuinii^ give, in cuntmdk unction, the name of 
mirroplankton. 

Tho at tributes of water with which Oceanography is concerned above 
nil arc temperature, because of its biological importance; salinity, 
thunks to which it is possible to determine the geographical origin 
of the sea waters; and the density f which depends on the two pre¬ 
ceding and on the pressure, and which is related directly to the circu¬ 
lation of the water, m much in the vortical sense jus in the horizontal. 
Tie color end transparency are less important, though not negligible, 
for they help to better define the biological complex in which tho 
plankton is evolved. 

In order to capture tho plankton organisms, m well tin the animals 
swimming ut different depths, nets much varying in form and dime ft- 
sioiis nre usod, of which some can bo dosed at any desired depth; 
for the animals which live, permanently on tho bottoms, recourse is 
had to trawls OF dragnets of different types, All these ocesnographio 
operations require on board tho vessel from which they are per¬ 
formed a special equipment of winches, cables, drums, and booms, 
for tho jitimendoa and recovery of the krge nets. 

In founding tho Permanent International Council for the Explo¬ 
ration of this Sam/" the nations bordering on the North Sea cqosid- 
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cued fhftt it to hi their interest i,i> know the physical condition of 
that sen and tlio biology of the fishes which nre found there. They 
have divided Tip the immense task which is to be carried on jointly 
according to a program in which each nation has the share most 
suited to it. The investigations under taken by nil the parties have 
culminated in an imposing array of publications appearing under the 
titles: Rapports ct Pit mil- verb mix; Publications do circonatnnce. 
(Ccracil permanent international pour iV.vpIorntion do la mer. Cupon- 
hugue.} 

HI. 

From tha point of view of purely oceanographic investigations, tho 
Sr-.mdimivians. who have so courageously explored the Arctic regions, 
have ehown themselves to be ardent enthusiasts. During tho last 
15 years the Norwegians have especially distinguished themselves 
and their investigations have caused such a stir in tho scientific world 
that we must summarize briefly tho results, 

Irt 1S95, Dr. ,L Iljort, the distinguished director of the scientific 
fisheries service of Norway, in his annual report called attention to 
tho impossibility at that time of determining where the fishes five 
when they abandon the littoral watens, “No one,” he said, "knows 
what becomes of tho cod, the eel, the herring, or the mackerel, when 
they leave the shore waters. This is a point in urgent need of inves¬ 
tigation. No nation Ls more interested than Norway in deciding the 
question, for excepting those of the coast of Sdndwore fAalesund), 
the fisheries are almost exclusively littoral, and tho deep sea remains 
for the fishers of that country a virgin ground/’ He emphasized tho 
necessity of having a steamer well equipped to undertake careful 
investigations, bused on the technical oceanographical knowledge so 
far acquired. The Norwegian Government was .so much impressed 
hv Hjort's appeal ihnl in July, 190$ the learned naturalist and KLs 
collaborators were ready to maka their first, cruise on the Alidad 
Sam. built in England after the plans of Iljort himself, the arrange¬ 
ment and equipment of winch have served as a model for similar 
vessels. The practical utility of a technical study of the sea was 
quickly admitted among the Norwegian fishermen. 1 recall that in 
1908, when 1 was taking rho very instructive course of Meer&sfor- 
schung (studies and investigations relative to the sea) instituted at 
Bergen, the president or the organisation committee, a shipowner, on 
tlie day of the inauguration of the lectures, delivered an address 
which greatly impressed kts cosmopolitan audience, and in which m 
its true light, he described the service which oceanography had 
already rendered to tho fisheries. 

To the lot of Norway, in the division made by the permanent 
council, fell tho Norwegian ix& with its fjords; tbit is, the northern 
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part of tlie Kq rth Sea between Norway, Iceland, and Jan Mayen, 
flit? plan erf work from a hydrographic point of now was largely 
inspired by the very valuable investigations by the Swedish scholars 
Otto Pfcttcrsson ami Gustftf Ekniun, in the Skageraek, to solve similar 
problems* The plan comprises two parts: 

1. The ^termination of the temperature and salinity in order to 
understand tho distribution of the different layers of water and of 
the currents both at the surface and in the depths, 

2. The recording of tho changes which take place at different 
seasons of the year and during a aeries of years. 

Thanks to the labors el Fr. Nansen, director of the international 
central laboratory at Christiania, and of B. Ilelland-llanscn, it can 
he Raid that to-day the first part nl the plan is nearly completed, and 
OTtsoessfuIly- The temperatures and the salinities have been recorded 
with all tho desired precision in the seas bordering upon Norway, and 
tho same has been done with regard to the principal currents, w ith the 
characteristic variations Concerning these currents, whose study is 
uno of lhe principal aims of oceanography and presents very great 
difficulties, 1 we are specially well informed as to their direction, but 
we have less information as to their speed, although on tins aspect 
we have obtained very interesting data, especially in the deeper parks 
of the Gulf Stream. Tho second part uf the program k under way 
but much less advanced, became in winter the wet ers of the Nor¬ 
wegian Sea are troubled by almost continual storms; frequently then 1 
occur, at short intervals, marked changes within restricted areas. 
Variations in the distribution of different layers of water, in the direc¬ 
tion and speed ot the currents, can be determined only by constantly 
collecting records from a great number of adjacent stations. 

We now know live origin and the characteristics uf the principal 
layers of water, affording the two leu rued Norwegian oceanographers 
the basis for a monograph of the hydrographic conditions uf the sea 
which washes tho allures of their country. An apprciximate estimate 
has been made uf the volume uf water and the amount uf heat hroLight 
by the Gulf Stream into that sea. Now, tho amount of beat coming 
from the warm current lias a marked influence on the winter cJimute 
of Scandinavia, Tier ords kept continuously during the month of 
May have shown that die annua] variations in the amount of heat 
from the Gulf Stream correspond to variations in the tern pern lure of 
the air in that Country, Thus, according to the amount of heat 
brought in by the current, measured and calculated in the month of 
May, it should be possible to predict whether the following winter 
will be winner or roldor than usiiaL The temperature of the littoral 
waters in May b correlated with the rainfall of the preceding year in 

t a- Ol Orai-i*#, u*«aflfnpUqi» to Ntrrifi,'' j n lttr u , . 
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tho north of Europe. Furthermore, the fluctuations iix the fisheries 
likewise correspond to tho annual variations of tho waters of the Coast. 
Those conclusions, though resulting from five roars of intensive study, 
can not yet- be regarded as final. Nevertheless, the correlations thus 
far determined permit us to hope that hydrographic researches con¬ 
ducted methodically and with perseverance will furnish data useful 
to meteorology and to agriculture. 

IV. 

From l lie begriming the planktonic investigations have been asso¬ 
ciated with hydrographic work. We have acquired a general idea 
of tho distribution of the Javers of water in tho Norwegian Sea and 
the nature of iho principal plankton organisms. Tho boundaries of 
certain layers of water and of the distribution of certain planktonic 
types have shown an interesting correlation. Enormous collections 
have been made in order to ascertain the changes in the qualitative 
and quantitative composition of tho plankton at different seasons; 
and the critical and extended study of this material will lead to the 
preparation of distribution charts, by region and by month, which 
will serve ns n basis for our future knowledge. The explorations hi 
the North Sou proper, where tho conditions are less complex, per¬ 
mitted us to affirm that there are in tho sea definite ureas whore oet 1 ^ 
tain species spawn, and thu! l.hc young stages are carried long dis¬ 
tances by tlie play of the currents. It has nko been found tliat the 
presence of masses of tho principal [dank ton species on width the 
fishes feed is correlated with determinable, natural conditions. 

Wherever possible to do so, we have sought to understand the fauna 
of tile sea bottom, which has for us more than pure jsoogeogruphie 
interest^ for certain kinds of fishes are made up from this fauna. 
Thus, at the Danish biological station, Dr. C. G. Joh, Petersen has 
made some very interesting observations on tho bottom animals 
which constitute the food of the plaice, and hos drawn from them 
conclusions useful in tho plaice fisheries. Tho work of Appolldf along 
the same lines has led to conclusions pertaining to the geographical 
distribution of certain animals, and also the physical conditions of 
tho earth, as, for example, the very probable subsidence of the Faroe 
Bonk to the south of the islands of that name, 

V. 

Among the elements of tho plankton tho attention of Norwegian 
oceanographers has been especially concentrated on the eggs and 
larva* of fishes. Important discoveries have been made from the very 
first cruise. In the summer of 1900 the MicJiart Sam found young 
stages (a few centimeters in length) floating hundreds of miles from 
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the bunks where it wm opposed the fish hail spawned. The fnl- 
lowing year, on the banks to the north of Norway, they gathered 
recently spawned eggs in great abundance above some shoals of 
spawning f kh. A chart was carefully prepared showing the spawn¬ 
ing grounds, and, moreover, one of the commissions (commission A) 
named by the "Permanent Intornationai Council for the Exploration 
of the Sea” was given the task of preparing for the entire area of the 
North Sea a chart of the spawning grounds of the fishes of the very 
important family of Gadida* (of which the cod (Gadus) is the type). 
Investigation# have shown that each nf the 15 species of Gadidic 
caught on the coast of Norway chooses its particular spawning 
ground—sometimes extremely limited—which offers the natural 
con ditions th at that species seeks during the spawning period. Depth, 
temperature, and salinity appear to be predominant factor* in this 
matter While certain species, such as the bake, cod, and haddock, 
spawn on the littoral banks and at d«pt1i» which speaking broadly 
never exceed 200 meters, most of the other species of this family 
breed in greater depths in water of oceanic diameter. The larva* 
are carried far from the breeding places by the currents, which play a 
predominant rflle in the transportation of young fish into different 
waters. This passive distribution of the pelagic stag*-* has been 
made the object of joint investigations by the Danish, English > 
Germans, Dutch, and Norwegians. 

The herring, whose life history has been worked out so carefully by 
Heincke at the Heligoland biological station, bos also been closely 
studied in Norway by several naturalists, who have distinguished 
on the coasts of their country four different types of herring cor¬ 
responding to different stages of development. The one which is 
given the name spring herring is in the state of sexual maturity, its 
length varying from 24 to 37 centimeters and its age from 3 to H 
years. The same individual may spawn 10 or 14 times. Great 
differences have been found in the sisse of herring, according to locali¬ 
ties. While the spring herring of Norway reach 37 centimeters at 
10 tu 14 years, that of the Ztiydor Zee does not exceed 26 tu 27 cent!- 
meters, and that of Breitstadfjord not more than 23 to 24 centime tern. 
J. Hjort and Einar Lea have shown that, as G. (X Sam had supposed, 
the migrations of the herring are much more extended than had been 
previously suspected. All these facts are of the greatest importance 
from the point of view of the fishing industry. 

YL 

In addition to investigations similar to the foregoing relative to the 
salmon and the sprat, the Mithotl Sars has been utilized ako for 
fishing experiments and for practical investigations directed by its 
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commander, Capt. Thor Iv&tsbu. The aha wm to get in touch with 
the fisheries in order to acquire a complete knowledge of the hunks 
and grounds exploited for fishing and to see the fishers, at work, 
together with Lheir appliances and their methods. During these 
practical researches Capt. Thor Iverseu discovered grounds abun¬ 
dantly stocked with fish which the fisheries had until then neglected. 
At certain places where they sought to get a general idea of the 
grounds, they found fishes iu such quantity that they began at once 
to exploit industrially these unsuspected riches. When I stopped 
at Bergen, in 190$, there were in the famous fish markets of that city 
an immense quantity of halibuts, which came from a very rich hank 
accidentally discovered by the Mtihatl Stirs some tune before* In 
thcHe operations the primarily scientific ship was aided by fishing 
boats hired for the purpose, with competent zoologists aboard. I t is 
duo to the eanicsUicss and intelligent energy of lljort and the col* 
laboratory w hom he was fortunate enough lo gather around him that 
success many a time crowned their efforts. These oceanographers 
succeeded in finding new' forma of fishes and indicated methods of 
capturing them, thus aiding in the development of a new industry. 

yxl 

Desirous of extending their researches into the Atlantic, whose 
relations with the Norwegian Sea they hail studied, the Norwegians 
in 1910 undertook, thanks to the generous colkbcpration of Sir John 
Murray p the well known oceanographer of the OhaSenger expedition, 
a cruise in the northern part of that ocean, which proved extremely 
profitable as much from a biological point of view as from u physical. 
The observations ol B. Hclland-Hansen in the vicinity of the Azores 
show that the surfs rays penetrate much deeper than had been 
believed until thcn T for at 1,000 meteis from the surface photographic 
plates still received distinct impressions, and certain rays from the 
most refrangible part of the spectrum penetrate much deeper yet. 
By an ingenious contrivance which permitted of fishing sim niton- 
eoubly at different depths, naturalists of the Mtch/ifl Burs were first 
enabled to study the vertical distribution of a certain number of 
species of fishes and of Crustacea, and to clear up a number of bio¬ 
logical questions. The general results of this expedition have been 
presented in a very comprehensive work written by the two chiefs, 
Sir John Murray and Hjort. 1 

vrn. 

In the United States, where Maury, Bache, Pillsbury, and othere 
wore among the first to scientifically study the s$ea> there has been a 

L Elf Idm y tLffaj uul Jotuai Ujort, ‘Tb* Dfy&J uf Uu? OrcaU, wtlh WElrlhtiilLL&t traffi Cwl A. A ppcIIAT, 
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strong trend toward oceanographic studies. At the tropical Mo- 
logical station at Tortugas, Fla., founded by the Carnegie Institution 
of Washington, they have begun with the Antm DoJirn a wertes of 
hydrographic and biological studies covering the Caribbean Sea and 
the very sources of the Gulf Stream. " It would be a source of regret 
for Americans," writes Dr. Alfred G. Mayer, director of the Tortuga* 
station, * 1 “to fall to an inferior level in this important field of ^tudi<^/" 

At the San Diego marine biological station on the coast of Cali¬ 
fornia, the Alexander Agassia is methodically carrying on the ex¬ 
ploration of the coast of southern California. This ship is provided 
with all the necessary machinery and apparatus for dredging, sound- 
iag h fishing* determination of temperatures, taking specimen of sea 
water at alt depths* measuring currents, and measuring the intensity 
of the light in the sea water, 1 

In addition to these, the a schooner specially assigned to 

lhL= duty through the cooperation of the United States Bureau of 
Fisheries and the Museum of Comparative Zoology of Cambridge, 
Mas,* has been given the task of investigating the characteristics of 
tho Gulf of Maine, from the point of view of temperature* salinity* 
the currents, and the plankton. The fact that waters of diame¬ 
trically opposed origins (the Gulf Stream and the cold littoral cur¬ 
rent) here meet, leads one to think that a study of this gulf* using 
modem methods, would be of interest from an oceanographic point 
of view and might have a favorable influence on the quite considerable 
fisheries of which it is the headquarters. IL B. Bigelow, who directs 
the cruises of the Gram ha* just published tho chief results of the 
campaign of 1912. He seems to establish the fact that the Gulf of 
Maine owes its low temperature and its low degree of salinity chiefly 
to local causes—to its geographical position and its partial isoktioa by 
the Georgian Bank. The cold water come* from the St. Lawrence and 
its tributaries and probably has no connection with the cold Labrador 
current, contrary to the opinion generally held in scientific works ns 
well as in popular belief. Bigelow and his collaborators propose to 
study the correlation between the geographic and seasonn! distribu¬ 
tion of the most important elements of the plankton and the physical 
characters of the w aters in which they live, and to try to determine 
the factors cons rolling their periods of reproduction, their migrations, 
etc. The work of 1012 was but a preliminary investigation of the 
problem; the materials gathered require long study before yielding 
the results which we may expect from them* 

i Am*I report of the ilJfww, nils, p. m 
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Tin* operations of the (Jfumpii# will bo continued from year to 
j'oar. Tkry were taken up m November, 1912, by the steamer 
8lvt. Wing, an auxiliary to the Grampus, during tho operations of 
fish culture in the winter season. In 1913, in again taking tho meas¬ 
urements at the stations of 1012, to determine the changes from year 
to year, Bigelow traversed the cold waters between the coast and the 
Gulf Stream from Cape Cod to the entrance to Chesapeake Bay, In 
pursuing their investigations relative to edible fishes tho American 
naturalists discovered very extensive beds of scallops (Ptdm mageU 
hinicux) along the whole length of tho States of New York, New 
Jersey, and Maryland, which promise to be a source of very important 
now fisheries, 

IX, 

Until these later years, aside from the cruises of the Prince of 
Monaco and the local investigations such us those of Pnivot at Bau- 
^ uLs and of J. Uichard in the Bay of Monaco, almost everything 
from an oceanographic standpoint remained to bo done in the" Medi¬ 
terranean. But since 1910 the situation bos changed entirely. The 
Italians have taken up the work with a remarkable steal, greatly 
excited by tho acquisition of Lybia (Tripoli), The law of Julv 13, 
1010, modified bv that of Juno 5, 1913, established tho “Reole Coai- 
tuto talassografieo ituliano." Paragraph 1 of article 1 of that law 
thus defines the duties of that committee: “There w established 
from tho 1st of July, 1910, the Royal Italian Thalasso graphic Com¬ 
mittee, having executive functions to carry on the physico-chemical 
anti biological studies of the Italian sows, their special relation to the 
industries of navigation and of fishing, and the exploration of the 
higher atmosphere in its relation to aerial navigation. The com¬ 
mittee received (I) a contribution from the Government of 00,000 
francs a year: (2) fixed or temporary contributions from other public 
departments, and from private and scientific bodies. It mot at 
Naples in J910, at Rome in 1911, at Genoa in 1912, at Sienna in 191-1, 
always on the occasion of the Congress of tho Italian Association for 
the Advancement of Science, whose president is at tho bead of the 
ThaluAsograpbic committee. 

1' urthermoro, the committee felt Llic necessity of having a central 
institute of marine biology which would permit making, besides inde¬ 
pendent biological studies, an examination of the material collected 
during the cruises and the distribution of sorted lots to competent 
specialists, to whom recourse must inevitably bo hath The place 
chosen is Messina, whose rich plankton has attracted so many natur¬ 
alists. A first contribution of 100,000 francs has been furnished by 
the Government; the work of construction was begun at the end of 
lost January, from the financial appropriation for 1912 to 191,1 the 
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sum of 20,000 frails (incorporated m the extra budget for the Navy) 
for each appropriation is set luddo fur the construction and fundshiug 
of thk institute. Brides the Royal 1 tali mi ThaliL^graplde Com¬ 
mittee, they haw created local committees to participate iii the gen* 
end work, but especially to study local problems: Ligurian, Adriatic, 
Partheoopiaji, and SieiUmt committee. 

ft is to the study of the Adriatic that the Italian efforts are mainly 
directed. An agreement concluded with the Austro-Hungarian Gov¬ 
ernment following 11 conference of delegates of the two allied countries 
at Venice, m May* 1010, paved the way for this collaboration* Four 
cruises each year, in February, in May, in August, in November 
(those of November, 1011, February and May, 19 12, could not bo 
carried on on recount of the Tripolitan war), wore to bo undertaken 
following right dcu mined traverses, making observations and meas¬ 
urement according to an established technique with the standard 
instruments. Tin 1 fourteenth etuLse of the Cydopx (Italy) and of 
the Naiad (Attstrm-Hangary) t which were to dusc the program of 
periodical investigations to be made in the Adriatic, took place in 
February, 1914. 

Fimilly, the international commission for the study of the Modi* 
terrtnican has thus far met three times under the honorary presidency 
of S- A. S. the Prince of Monaco. At the last meeting, at Rome, in 
1014, the It,aliami presented a complete plan of investigations for 
that sea, inspired by that which llic}" had followed in the Adriatic, 
and laid out work for each of the nations bordering on the Medt- 
temmeim. 


TIIE KLONDIKE AND YUKON GOLDFIELD IN 1913,* 


By EL 1L { well* B. Sc T| F* ft. EL 


[With 0 plnti?,] 

Klondike was on 31 tmmu m every mouth, and in die inat years 
of ltu* nineteentli century it nearly became incorporated in the 
language as a new synonym for ull tbit k rich and prosperous. But 
of late it has boon little hoard of on this side of the water, and its 
early bloom has faded away. Tito sensational pockets of fine placer 
goldi that attracted hordes of hardy Adventurers from every quarter, 
have now been mostly depleted and new ones have not been dis¬ 
covered to maintain the early reputation of the field. But while 
this part of the 1 ukon district can not any longer bo called a poor 
man’s gold field, it still contains a considerable quantity of alluvial 
gold that can be profitably won by the application of capital and 
brains. In any case, it is a district well worth a visit, and apart 
altogether from gold it has other possibilities in tho way of future 
development. Besides this, it is full of points of great geographic and 
scientific interest, and in this remote and imperfectly explored north¬ 
western comer of the British Empire tho geologist and the geographer 
will find many new problems awaiting them which it will bo a delight 
to discuss arid investigate for many yearn to come. 

I hud the advantage in September, 191,1, of paying a short visit 
to tho Yukon district wUh n few members of the International 
Geological Congress, under tho able guidance of Mr. R. G. McConnell, 
of the Canadian Geological Survey, and other specialist a and officials 
who had already explored the goldfield on behalf of Lho Govemmeui, 
and bad published from lime to time accounts of its industrial and 
geological development. Wo wore thus placed in the favorable 
position of being ablo to sue in a short time many things that might 
never have come under tho notice of a solitary anti unguided stranger, 
and with tho literature and maps that were liberally provided it was 
possible to form a good general idea of tho district, that might be 
made serviceable to our respective countrymen in distant lands, 
whether they might ho men of science or people with more material 
interests. 


1 itoprmEfrtl bj i^fnikaiLflO tom i bo ftrcu; Wi Hawaii en\ July, iq&a. 






3f>4 ANNUAL REPORT SMITHSONIAN IN STITUT10 If , 1014. 

The Yukon tamtory is moat easily reached by steamer from Van- 
cdiiT(?r through tlio lovely forostnjlad islands and straits on ihfl roast 
British Columbia and the United billies coastal belt of southern 
Alaska. In the last part of this most interesting voyage of nearly 
1,000 miles the route lies along the Lynn Canal, n narrow- arm of tlie 
sea that reminds a Scot of Loch Linnlie, but is bordered by higher 
mountains with snowy crests, ami glaciers creeping down the gleua 
to near sea level. The Lynn Canal is a straight fiord about S5 miles 
long, bul it is only tho prolongation northward into the mountains 
of The Chatham Strait, a deep submerged valley among large islands, 
whoso whole length is 250 miles. Tho width varies from 3 to 6 miles, 
ami the depth from 1,000 to 2,ofl0 foot. Although this narrow inlet 
penetrates so far up into tho mainland, its head, with that of all tho 
other Howls on tho coast north of tho Portland Canal, now belongs 
lo the United States. The latter claimed it, and Lord AJ verst olio as 
chairman decided in their favor and against Canada in tho boundary 
dispute whose settlement caused so much bitterness in tho Dominion 
in 1003. Tho head of the Lynn Canal li« at Skagway, the gateway 
to tho Yukon, a wretched little town with decayed wooden houses 
and grass-grown streets, the scone of many robberies, riots, and 
murders at the time of the gold rush, which the police authorities 
outside of British territory had neither the power nor the energy to 
control Skagway is not and can never be of much use to the United 
States, except as an obstruction to Canadian progress, but it might be 
of some advantage to the vast Canadian hinterland less than 20 
miles inland. If, at some future time, the United States Government 
ever wished a cheap opportunity to show a little practical good will 
to their progressive northern neighbor, they might advantageously 
dispose of the head of the Lynn Canal, and thus give Canada one 
much needed outlet along a strip of some 500 miles of seacoust from 
which the Dominion has been cut off by the award of tho lord chief 
justice. 

Skogwav is surrounded on three sides by a plateau of steep and 
rugged mountains through which to tho north there are two l rails, 
by the While Honk' and the Chilcoot passes, respectively. Up these 
wild and difficult, ravines thousands of hardy ad venturers trekked and 
struggled with their heavy packs, tools, and tents, m the mad rush 
to the expected El Dorado, 500 miles away. Soon after the gold was 
found in sufficient quantities, a 3-foot-gauge mountain railway was 
laid up the White Pass (fig. 1 j. It runs from Skogway to the summit 
hi 2,887 feet above sea level and on to Lake Bennett , a distance of 
about 40 miles. It traverses a wild, ice-worn, granitic plateau, 
strewn with moraines and sprinkled over with lakes at tho foot of 
bare snowy peaks, 5,000 to 6,000 feel in height, reminding one of 
parts of the west coast of Sutherland or of the interior of Norway. 
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Lake Bonnet t, a narrow and picturesque sheet of water bstwoen 
high mountains, is 27 miles long and its outlet ul tho northern end 
k one of tho tributaries of the Great Yukon River. The sixtieth 
parallel that nf the south end of the Shetland Islands, crosses the 
lake some miles From rho deserted town of Bennott at its head. At 
tins time of the gold rusk there weru 5,000 people at Bennett in 
houses, huts, and tents, and the fact that a wooden Presbyterian 
church was built there shows that more than 10 righteous man were 
to bo found among Lkat surging and sordid crowd. The church k 
now almost the only building besides tho railway station that is 
standing, bui it k boarded up and falling into decay. The photo¬ 
graph I haul time to make during our short halt for lunch shows this 
litth* ecclesiastical pile with its spire pointing to the sky adding a 
human touch to the grand but desolate picture (pL l). 
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Tile original diggers bore get into boats and canoes, and navigated 
their frail craft through the lakes and rapids on the remaining 531 
miles of their adventurous journey to Dawson City. The whole dis¬ 
tance from Skagwny to Dawson k 571 miles, and the first part of the 
journey k covered by 110 miles of railway. The line runs at the foot 
of the steep granite mountains along the shore of Lake Bennett to 
White Horae, a few miles above the tame but beautiful Lake Labeige, 
where safe navigation begins. At the north cud of Lake Bennett the 
country becomes h>> rugged, and the mountains lower and more 
rounded, and there are broad valleys covered with glacial drift and 
herbage. Lake Labergc is a little over 2,00® feet above sea level 
and the whole fall to Dawson k about 1,0011 feet, which gives an 
average gradient in 435 miles of a little more than 2.5 feet per mile. 
There are no serious declivities below' White Horse, and only at one 
place - the Five Finger Rapids below the Tantalus coal mine b there 
much risk to travelers during ih& season when the river k open to 
navigation by flat-bottomed, stem-wheel stcamera. 
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The Lewes River, flowing from Late Labcrge, and the Yukon, of 
which it is a largo tributary', flows northward in a channel with many 
windings between high terraces of gravel and sand. While Horse is 
situated on the flat river bank at the base of ono of these high gravel 
terraces, well exhibited in pinto L The upper part of the valley is 
full id glacial detritus and fine mud from the glaciers that once cov¬ 
ered the higher country, and the river Ls busy excavating u lower 
channel in those loose deposits, Over a large district the sandy soil 
under the gra.^ has a skin of impalpable white ash from fi inches lo n 
couple of foot deep, that has been wafted hither at the tiino of some 
prodigious eruption of an unknown volcano long ago, and hits fallen 
quietly like n shower of fine snow over the face of hill and dale. 

Though the latitude is that of our Shetland Islands, this part of the 
Yukon Valley is thickly covered with trees, mainly as pen ? birch, alder, 
and spruce. Ln the bright September days the whole landscape was 
blaring with the brilliant golden and scarlet tints of the autumn 
foliage, mingled with the somber hue of the firs in the lower reaches, 
and this moss of rich coloring faded away into the deep blue and 
purple of the bare mountain crests in the background of the lovely 
picture. 

Many kinds of rock arc to bo found along the Yukon Talley* from 
pi^-Cambrian schists to Tertiary and recent volcanic lavas. At 
Tantalus, where the KordcnskiSld joins the Lewes River, 2W miles 
below White Horse* and at the Five Finger Rapids some miles farther 
down, seams of coal ore seen cropping out on the elifT fact's. Although 
there h much true Carboniferous limestone in the district, tins forma¬ 
tion is not associated with any coal, mid, as is the case all over western 
Canada and Alberta, the coal is all of younger age, and is infcerbedded 
with Jurassic and Cretaceous strata. The seams are sometimes over 
7 feet thick, and at Tantalus them is a mine in operation in the cliff 
at the river's edge where several thousand tons have been worked. 
The cool k of great use, as the woods near the river have been largely 
cut for fuel and for mining and building purpose and the supply is 
thus becoming scarcer every year. But the quality of the coal Ls not 
very good, and its percentage of ash is high. 

Near While Horse a valuable body of copper ore is also being mined 
in the bills, and if enough good coal were to he discovered a great 
iinpet.ua would be given to permanent local industry of a better kind 
than precarious gold mining. The region has for half the year at least 
a good and sunny climate,, and as it is now fairly accessible it may 
aomo day develop into a useful grilling or agricultural territory. It 
U, of coarse, still largely unexplored p and more valuable minerals mid 
other resources may yet be discovored in the unfrequented remoter 
hinterland out of eight of the river highway. 
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The Lewls valley at Wh^te Horse, Showiwo High Te^aace of 
QlaCPal Gravel 
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A curious and interest Log feature of the district must now be 
mentioned. The numerous lakes, the deeply eroded ice-worn valleys, 
and tbo widespread deposits of gravel and morainic material in the 
upper part of the Yukon Basin, all tell of the former wide extension of 
the glaciers, w hose diminished representatives have long ago shrunk 
back into the remote glens and corner among the higher mountain*. 
But as we sail northward toward the Arctic Circle these truces of 
former extensions of land ice diminish, and finally disappear alto* 
gether. The moraines are no longer to hr seen, anil all we find in 
the volley is a wide deposit of very fine sand or silt, such as is washed 
in a milky flood front beneath any valley glacier. These glacial silt 
beds finally dwindle away, and the sobd rock surface becomes soft and 
rotten, and covered with screes and loose debris produced entirely by 
its own dbinlegration. 

Long before we reach Dawson all traces of glaciation have disap¬ 
peared* and the noble river winds back and forward between the steep 
sides of a valley f a quarter of a mile wide* cut out of the old and 
decomposed plateau of crystalline rocks. The latitude of Dawson 
City is thr.it of the south of Iceland, and its level Is a little more limn 
1,000 feet above the sea. The whole of the old alluvium in the valley 
bottoms is frozen hard to a depth of over 1U0 feet, and the summer 
sun is only able to thaw 1 a few feet of the surface before the winter'll 
cold acts in, and the whole region is incased in snow and ices 

Now. it is a matter of common knowledge that the cold woe at one 
time so intense in the Northern Hemisphere that the northern parts 
of Europe and Canada were covered for a tLnie by huge glaucrs* or 
ire cape* such as now envelop t he whole of Greenland, The whole of 
the Pacific coast of British Columbia and the southern end of Van¬ 
couver Island is intensely ice worn. In the eastern port of Canada 
the polar ice cap in the glacial period covered the country as far south 
as tile Great Lakes, and left the Province of Ontario sprinkled over 
with day and stones from far-off northern sources Wherever the 
great ice sheet went It swept away nil the loose rock, river alluvium, 
and soil that lay on the preglarial land. The underlying reeks were 
scoured and p< dished* and when the ice met led at last, the valleys 
and plains were left buried under u covering, not of sod or river 
alluvium m Stratified beds, but mainly uf unstrnlificd bowlder day 
or till, produced by the grinding of the creeping ice, which was at 
places thousands of feet in depth. 

These considerations may seem remote from the subject of the 
Klondike gold deposits, but in reality the opposite is the cose. The 
original valley gravels, the accumulations of long ages in which small 
quantities of gojd derived from the adjacent reeks bad become col¬ 
lected, sorted out, and concentrated by the long-continued action of 
the ancient rivers—these auriferous deposits were not swept away 
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here its they were at other places daring the glacial up* and they 
wore only parti idly washed out by the rivers of later times. They 
were left, or at least partially left, lying undisturbed In certain shel¬ 
tered valleys until their value was discovered by a few prospectors. 
The final process of removal, or at least disturbance, of the old 
gravels was not long delayed after this im]>ortant discovery had been 
made. 

The reason why this northern territory thus escaped the besom of 
destruction that swept other regions bare was doubtless the fact that 
the climate was so dry that there was little or no rain or snow to 
produce a great glacier. However great the cold may be at any 
place, it is obvious there can be no frozen water if the water is not 
first Lhere to freeze. Had there either been no ic« age, or else n dry 
dimnic during that epoch, placer deposits of gold might also be 
found in enstem Canada, Scotland, or Seandinsviit, where small quan¬ 
tities of the precious metal occur in the local crystalline rocks, and 
the almost complete absence of alluvial gold is one result of that 
prolonged icy invasion of these countries, The deeply frozen sub¬ 
soil in the Klondike district is all that remains to tell us of the great 
cold of the glacial age, for there is no doubt that the ground has 
remained hi a frozen state since that period, and that its covering of 
moist peal has effectually prevented it from becoming thawed by the 
warm sun in summer* 

The Yukon goldfield, so far us it has been explored, is apparently 
mainly confined tn the vicinity of Dawson City, although small quon- 
thies of gold can be hi and in the sand of [he Yukon for hundreds of 
miles up the valley. Indeed* our party palmed ;i little gravel and 
got specks or colors of gold where the steamer stopped for fuel, 10 
miles below Big Salmon River, a tributary of the Lewes River above 
Tantalus, near the place where gold was first discovered in 18$1, Wo 
passed tin old digger who, we were told, cun wash out about £2 worth 
of gold a day during good weather, when the water h low and the 
banks well exposed, in certain parts of the channel. 

Da won City (see map* fig. 2) is situated on the alluvial fist! dose to 
the mouth of the Klondike, a small river which rises in the Ogil vie Range 
and flows southward and westward into the Yukon, The Bonanza 
Creek b a Little stream in a deep and wide gully tint miters the left 
bank of the Klondike Valley just above the eon 11 lienee at Dawson, 
which Is celebrated for the richness of its auriferous gravels* The 
Klondike is joined by two other tributaries on its left bank farther 
up, Bear Creek and Hunker Creek, the latter of which is by far the 
larger and more important. These and other streams all occupy 
smooth-sided valleys traversing an old peneplain or dissected upland 
composed of rounded hills and ridges. These smooth ridges originate 
in and branch outward from the Dome, ft round-topped eminence 
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reaching to an elevation of 4,250 feet r itus highest mountain and 
topographic center of the whole district* It is 1® w*il® southwest of 
Dawson and commands a magnificent view of the surrounding tract 
of brown, grassy uplands, sweeping away northward for 40 miles to 
the snowy peaks of the Ggilvie Range. I had time to make a topo- 





graphic sketch of the pnouratna from the summit, which was nearly 
dear of snow, and have now reproduced part of it to convey to the 
reader an. impression of the general appearance of that remote and 
lonely region, the haunt of the caribou and the ptarmigan. (Seepi, 3.) 

The Klondike goldfield has two perfectly distinct ads of placer 
deposits. In the ahurial fiats of the Klondike and its tributaries, the 
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Hunker and Bonanza rivets, there is a series of deep gravels outs red 
with soil and peat moss and containing I he remains of extinct ami 
existing animals in large quantities. Bonrs of mastodon and huge 
mammoth tusks, skulls of buffaloes and bones of hear, musk ox, and 
mountain sheep, as well as ancient beaver il&ma. arc often discovered 
by i he d rif t mine rs . Tli esc \ l nei i \ii i * 1 on izer is of t h e vail eys nins l some - 
times have benil of immense I met a digger from another go! I 

field in Alaska who told me that he had once seen a mammoth's tusk 
H feet long in the frozen gravel, but those found in the Klondike dis¬ 
trict have seldom a length of more than \ I or 12 feet. 

In these gulch os 1 valley gravels the richest gold is U mi rid, and the 
must valuable part is at the bottom next the bedrock. To reach the 
pay streak shafts have to be sunk where the graved is deep, and the 
fact that the ground is all frozen makes the drift mining a compara¬ 
tively easy ope rat Ion requiring very little limbering or pumping. 

The second set of auriferous gravels occult at certain places on high 
terraces or benches cut in the rock, ami they reach up to about 450 
fed above the beds of the existing valleys. These high-level gravels 
are mostly white or pale in color* very compact, and quite different in 
apja-ariiuec from the loose mid more recently formed low-level placer 
deposits. They are largely made up of white quartz pebbles ami 
sum I and Hub&ttgttl&r pieces of vein quarts and sericite schist. The 
largest bowlders are seldom more than IS inches in diameter except 
near the bottom, where large angular blocks 3 or 4 feel in diameter 
are occasionally found. The white channel gravel is very uniform in 
texture and reaches a thickness at places of ISO feet, with a maximum 
width of more than a mile. It is almost unstratified amj s unlike the 
vallav gravel, is totally destitute of plant or animal remains. At the 
bottom of the white gravel there is a pay streak next the rock* This 
h at places extremely rich, hut gold occurs throughout the whole bed 
in quantities sufficient to be profitably extracted by hydmdicking f 
but nut by individual inmera. The brat of the pay streak has been 
already exhausted by drifting, and what is left is being worked by 
hydraulic 4l p*nta” in the hands of capitalists. 

'These two distinct river deposits have an intcresLmg story to tell. 
They point unmistakably to a change in the level of the land at one 
period, and indeed when the Yukon territory eomra to be bc&ier 
explored many other interesting historical points that are now obscure 
will be? cleared up* Thera is evidence of a considerable change in sev¬ 
eral parts of the Yukon River system since the Tertiary period, and 
some of the rivers have been able to capture parts of others and so 
modify the original pattern of the contLnenLfd drainage. The land 
has not remained quite aiatkmary, and indeed. in \akutat Bay, in 
Alaska, ns recently as IS&9, there was a terrific earthquake, accom- 
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panied by a local movement of the land and nn upbeaviit of the coast 
line to the extent of 47 feet m one place- 

In the Klondike and Daikon instance the movement was one of 
upheaval of the whole region to a height of at least 700 feet. There 
were ancient river valleys with sluggish streams, where the white ter¬ 
race gravels slowly accumulated and in whoso bottoms the grains of 
gold derived from the waste of the small quartz veins in the neighbor¬ 
ing bills became concentrated in streaks and pockets, When the 
uplift began the rivers acquired fresh velocity and started at once to 
deepen their oh I course* energetically and lo cut out new and nar¬ 
rower valleys in their old flood plains 'fhey swept away a great deal 
of the white gravel, but some of it was left undisturbed, with the gold- 
bearing fllmdt beneath, 'l'he process went on till the rivers had not 
only cut out deep trenches in the white gravels, but had penetrated 
far below them into the underlying rock. The gold in the white 
gravels, perhaps with ol her gold derived directly from tho neighboring 
schistose rock, sank to the bottom of the later alluvium and was con¬ 
centrated again in a newer pay streak, while the lighter debris was 
mostly I r runs ported to the distant sea. The climate was mild enough 
for vegetation Lo flourish, on which many large animals browsed in 
peace and comfort, or Were preyed upon by more predaceous denizens 
of the northern wilds. 

To come down to more modem times, adventurous prospectors 
threaded their weary way over this little-explored region, and these 
hardy pioneers of empire first began to find trices of gold in the 
Yukon Valley about the year 1809. Li 1S81 gold was found in the 
gravel hanks and bars of the Big Salmon, and other discoveries were 
made in the Lewes, Polly, and Stewart Rivers soon afterwards. The 
first discovery of coarse gold was made on the Formnile, another 
tributary of the Y’ukon below Dawson, in 1S86, and with this evidence 
of the auriferous character of the district prospecting received further 
encouragement. In 1SD4 fresh discoveries drew the minors into Klon¬ 
dike Valley, but it was not till 1890 that the great find was made, of 
which I shall now give a short account. 

In IS04 Bob Henderson discovered gold in Quarts Creek, u tributary 
of Indian River, at a place about 6 miles south of the Dome, and he 
went over tho ridge to Gold Bottom, another gully, n tributary of 
Hunker Creek, where he discovered more gold in 1S96. He told 
George Corniaok, another prospector in tho district, of his luck, and 
Cunnuck paid him a visit, but on tho way back Cormack, or one of hb 
companions, while stopping for dinner, accidentally turned up some 
remarkably rich dirt at Bomima Creek, and imuuslLately pegged out 
a claim without ever telling Henderson of hia own far greater luck. 

Prodigious quantities of gold were soon found at this spot, and pros¬ 
pectors flocked in from all quarters, Many of them mode fortunes 
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in ii short fame, but not being educated to use wealth properly, it was 
mostly misused and spent in debauchery. The greatest quantity 
produced in the district was in 1900. when the output reached 
nearly four unde half million pounds sterling. One man, Dink Lowe 
by name, is said to have got out of a fractional claim, SO feet by 300 
feet in area, £120,000. but 1 was told lie spent it in a few years and 
died in poverty. Others got and wasted as much or mono. Cormack 
was said to be working iw a coal miner and Henderson was in 1913 a 
Government pensioner. One of the quickest fortunes was made 
by two men who in 27 hours cleaned up gold to the value of £13,000. 
Many stories are told of the proceeding* at Klondike in these ‘golden 
days” which are not for edification, and the moral is that wealth 
too easily and quickly acquired is apt to be the opposite of a blessing 
to mankind, 

Al the height <d the boom in the winter of 1899 the population of 
Dawson City is said to have reached 25 T 0OO T and that of the whole 
district 50,000. All the^e people did not make fortunes, while many 
lost their lives in the attempt, mad soon the richest of the pincers 
became exhausted and the exodus began. At the tunc of my visit 
Dawson City had a population of only 2,CK}0, and the place was in n 
sony condition, while the surrounding district was almost depleted 
of drift miners. 

When good gold was found the Government, out of the revenue 
from the duty that was paid, set to work with exemplary speed to 
construct roads up the main creeks and Over the hltk p which greatly 
facilitated and cheapened transport. Wo went up Klondike Valley 
and Hunker Creek by one of these roads, spent the night Ln the little 
rest house near the summit in the anew that had begun to ftdl h and 
next day returned by Eldorado and Du nun Kit Creek. Mr little 
party of three was fur Inutile enough in being conveyed round this 
(Hbniile run by Mr. J. W. Boyle in his motor car, not without con¬ 
siderable difficulty and risk at perilous places. Mr* Boyle U the able 
head of the Boyle Concessions (Ltd.), one of the two large and 
prosperous companion mw engaged in extracting the remaining gold 
left by the drift miners. Resides showing us great hospitality. 
Mr. J* W. Boyle, in common with many other kind hosts in Dawson 
City, gave the visitor* much valuable information about thepresent 
condition of the gold iudtl&try and the methods that are taken to 
succeed in aecomplLHliiug by modern science and capital wh&l in 
the bands of poor and uneducated men would l* a perfectly hopeless 
task. 

The gold in the Y ukon field is, m hm been said, derived onginaUy 
from many small veins widely d lamina ted in the met amorphic 
schist of the surrounding locality. Large and productive veins 
have not been found but attempts have been made to work small 
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ones r hitherto r however, wit h indilfertMit success. The Idng-continuod 
operations of nature before the advent of man have been needed to 
concent rate iim$ scattered grains into sufficient quantities to bo 
profitable fur hk use. 

The various methods of gold recovery in the Klondike district 
may be generally clarified under three tnain heads into she following 
seven subdivisions: 

A* By individual men: 

(1) Wnahmg surface gravels with shovel and pan. 

(2) Sluicing gravel with flumes and sluice boxes. 

B* Small parties: 

(3) Working drift with mochmucal scraper and sluices. 

(4) Drift mining in shafts and aluicing, 

C. Capitalists: 

(5) Dredging with powerful mechanical plant. 

(6) Hydraulic sluicing with monitors. 

(7) Mining and stamping ore in mills. 

The first class (A) includes the so-called “poor men's diggings," as 
all the plant that is required are a few tools and wood to make 
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cradles or sluice boxes and Humes In convey the witter required to 
wash the gravel. The second class (B) requires mi ire financial 
resources and also more mechanical ability, but a man who has begun 
from aero may, if successful, quite well gain enough money and expe- 
n f nc ® to enter class B arid employ other men or work in company 
with a party on the cooperative system. Both A and B, however, 
require fairly rich ground to work upon. But between B and C 
there is a wide gap, and only men. such as Mr. J. W„ Boyle, wit h excep¬ 
tional ability and command of ample capital, can hope to pass from 
B to C and work the low-grade placer gravels or quart?: veins suc¬ 
cessfully. The poor men without education who suddenly realised 
fortunes, but had not the brains to use their money tightly, were not 
qualified to pass into the lust class even though they had the capital 
to begin with. The sun-Ivors, the men with both the mental and 
material resources, are now left almost alone on the field, and it is to 
them that the future of Klondike belongs. 
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On our way up Klondike Vulluy. between Bern' Creek arid the 
mnuth of Hunker Creek. wo stopped to visit the last of the old drift 
mines in the Klondike Valley, where u party of 21 men were working 
on Lrthiilo in the frozen grave), which is hen* 40 fort deep, for which 
they paid a royalty of 2(1 per cent of the gold recovered to the owner 
of (he claim* The acOOmpanying diagram, showing !Jr section of the 
working drawn io scale, atid a sketch of the surface arrangements 
(p!. 4), will convey an idea of the method adopted in (his field by 
miners with a limited amount of capital at their disposal. 

A shaft is sunk to the rock surface where the pays! rank occurs, and 
from this a tunnel or heading is driven 50 yards in one direction to 
the boundary of the claim or the limit <4 the little field that can be 
worked easily from one shaft* When this distance is reached a 
drift is made in the gravel at right angles to riie main tunnel on each 
siJe along the boundary, so that the working plan is like the letter 
T to begin with. Then the whole area is grad unity worked back 
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toward the abaft cm a method corresponding to what in coal-mining 
is known as the “long-wall system.” It is not a true long-wall 
method, however, os no wall is required to hold up the frozen roof, 
which U very strong and needs no support near the working face! 
In mining a coal seam the thin “holing'' picked or cut out under 
the coal is the least valuable part, and the thick stratum above it 
is wluil the miners are after. But in the ease under notice the 
opposite principle holds. The thin stratum next the bedrock is 
the only valuable part. It is, however, too hard frozen to be imme¬ 
diately removed. To undercut the hard muss, lines of horizontal 
holes ore bored chose to she bedrock into which pipes with sharp 
points are driven 4 or 5 feet, and connected with a pipe from a boiler 
at the pit mouth. Steam is thus injected by means of these steam 
points, as they are called, for from 6 to 12 hours, and the holing b 
thawed till it is quite soft and can be cosily excavated with picks and 
shovels. Each steam point requires steam equal to about one horse¬ 
power, and thaws from 1 to 3 cubic yards per shift* Tims thawed 
gravel is wheeled away in harrows anil emptied into o bucket or 
a kip at the pit bottom. The bucket is hoisted to the surface by a 
steam winch, and by an ingenious arrangement travels along an 
aerial ropeway and Ls tipped automatically into the slu icebox. All 
the surface labor required is that of a man in the sluicebox to throw 
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out. the atones and another to attend to the engine. In order to 
give headroom for working, the gravel thus undermined is broken 
down in lumps and thrown hack into the waste, and the loo*e stuff fills 
it nearly to the roof. In course of time the superincumbent stratum 
Ehaws iLtid subsides gently like the roof of a kmg-w all working, and 
closes up the space above the waste, and the surface of the ground 
sinks down to the some extent 

This frozen gravel or “muck 31 provides a surprisingly strong roof 
to the working. It is, however, sometimes forgotten that wnLer Ls 
a itnxo mineral, oral in its ciystalline or frozen state is us much n rock 
as granite. When thus solidified in the interstices between hard 
grains and pebbles ii forms a very strong and homogeneous block 
Without fissures or joints to weaken in or interrupt its continuity. 
Thus it is that drift miners can work with comparative safety, 
especially in winter, and only require to leave an occmrionrd solid 
pillar Of put in a little timbering to support parts of the roof that may¬ 
be weak. In winter time tlip- frost is mosi in tense and the roof not 
so liable to fall in* In one ease art Domini on Creek, a ''muck" 
roof of this kind, unsupported by pillars, is stated to have covered 
a vault HO feet wide by feet long, ami remained unbroken till 
midsummer* 

The thawing of the gravel was originally carried on by wood tires 
placed against the face like the ancient method of fire setting to dis¬ 
integrate the lode in metal mines before the days of explosives, but 
the use of st emu points sotm superseded this prim it ive process. Thera 
is, of course, considerable danger of individual stones or she is nf the 
roof dropping down, and fatal accidents have often occurred from 
this cause. In the mine I have described 1 noticed a continuous 
slight shower of sand grains dropping on my head from the thawing 
akin of the roof, but happily no largo hailstorm were among them. 
The depth of the frozen ground is variable, and is leas on the 
ridges ihtm in tL ie- valleys. A shaft sunk on the ridge south uf Eldo¬ 
rado Creak reached unfrozen ground at a depth of IM) feet, while one 
in the volley of the same creek was flopped by nmuing waier at a 
depth of a lit lie over ^00 feeL The advantage of the ice L* thus 
obvious from the point of view of pumping, which, if it become 
necessary, would put an end to many of the poorer drift mines in 
the valleys. But for surface work the ground must Ixu thawed arii- 
Lkmlly when the gravel comes to be handled ou a largo scale at a 
depth not affected by the summer sun* 

The bed of peat f or “muck / 1 as it U called, that covers the valley 
bottoms acts &s a nonconducting skin and prevents the sut/a raja 
ftom penetrating the frozen mass, but when it is cleared oJF the sur¬ 
face thaws permanently to a depth of several feet, and can be removed 
by a scraper and sluiced or otherwise treated. 
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We now conic to the more import a tit methods of gold recovery by 
which the output of the field is being maintained after the drift 
miners have ex tract cd nil that is possible by their simple and inex¬ 
pensive appliances. There are, as we have seen, two kinds of gravely 
one in the valley* and the other on the high terraces, and to extract 
the remainder of the gold two separate methods must be thus 
employed. 

The valley gravels arc worked down to a certain depth by very 
strong and specially constructed dmlgers, with internal revolving 
trommels or screens, and extensive sluice boxes with the usual riffles 
to catch nuggets and gold grains. The terrace gravels are removed 
by hydraulic giants, and washed through flumes and sluice boxes 
into the already depleted v id ley bottoms, and when all these eoni pli¬ 
cated Operations are completed the physical character of the gulite.s 
is completely changed. 

The dredging operations arc mainly conducted by two companies* 
One of these is the Boyle Concessions (Ltd.)* and the other Lho 
^ Liken Gold Co,, the principal partner? in which are the Messrs. 
Guggenheim. The Boyle Concessions (Ltd* 1 ) has taken over the 
holdings of the Canadian Klondike Mining Co., and controls and 
operates the properties of the Bonanza Basin Gold Dredging Co. 
and the plant of the Granville Power Co. The company has holdings 
on the Klondike A alley and other creeks, covering altogether about 
■10 square miles, and at present its operations are confined mainlv 
to dredging the valley grawb. The Yukon Gold Co, has both 
dredgers in the valleys and hydraulic monitors ut work in the upper 
white gravels. 

The dredging process is an interesting and remarkable one, and pro¬ 
duces curious effects. To wander up a Lone glon with a mere trirlde 
of water in it, and suddenly to come round a comer and confront a 
solitary large dredger, grinding away among peat bogs, wooden huts, 
and old dump heaps, is a surprising apparition to one who always 
associates dredgers with docks and navigable estuaries, But tins is 
what can be seen in several crooks and dry gulches smid the Klondike 
hilki. The plant b transported piecemeal, with great 1alKir 3 to the 
patch of ajfcrrium where it is required? a large square hole is then dug 
in the ground large enough to float the structure, and there it is put 
together, built up, and set agoing. The buckets scoop out the gravel 
at one end, and the stones and sand are dropped out in a bank behind 
at the end of a long conveyor, while the fine mud runs out by a pa- 
rate Orifice. This pond or tank b thus part of the working plant* and 
the dredger slowly carries along with it the water on which it floats, 
an the Original stream is far too small in support the masaive hulk* All 
the water in the stream is, of course, required to help in keeping the 
basin full, ami to prevent its fluid from becoming Luo thick in con.se- 
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quenee of rho sediment that is being constantly cashed nut of tho 
gravel. 

The final result of the operation is that the flat bod of gravel as 
far down m the dredger buckets can roach—perhaps GO hot at the out¬ 
ride — is deaned out, and all sorted into a deposit of coarse shingle, 
with bowlders at one place and fineyfltorsand at another. The gully, 
if narrow, after being robbed of its gold is thus left with a long em¬ 
bankment of stones* ribbed from side to side with deep furrows cor- 
respotidmg to each forward step of the dredger, and running up the glen 
in #t serpen tine course for miles, perhaps, like a moraine left by a 
valley glacier (pis* 2 and G)* 

This “human moraine tr heap entirely blocks up and interrupts the 
course of the original si ream, and produces a series of more or less 
stagnant pooh in the loops it makes to its uit&nde rings between the 
sides of the gully. If iho latter is broad, there may be two or three 
parallel embankments, with pools of muddy water between them, amid 
which x he stream has to find its way past as best it can. The mud that 
is washed mil in the process lodges in these lagoons and buries up I Lie 
bases of the stony ridges. Plates 2 ami G show this curious physio¬ 
graphic effect of the valley dredgers, im effect that will Iasi for cen¬ 
turies, and one that has probably never boon taken notice of be fore- 

This, however, 1o anticipate matters, is not everywhere the final 
result of man's geological work on the Klondike River ay stem. 

First, the drift miners swarm in multitude, like locusts, undermine 
the gravel, and turn it upside down. After they have disappeared the 
dredgers arrive and slowly plow it all over again, throwing it into 
great ridges of atones, with mud bunk* between. Finally, at those 
places where there are white gravels on the high ground, the hydraulic 
“giants “ appear on the scene, wash them down in great cones of de¬ 
jection vomited forth al intervals from the flumes on the mountain 
side. These while deltas radiate outward like fans, and sometimes 
reach across the entire volley, when they completely bury nil that, is 
below. By thus damming up gullies and producing new lakes they 
end in completely drowning and obliterating the effects of the previous 
dredging and drifting operations. Wlicm the geologist of l he remote 
future comes to unravel these complex valley deposits he will have a 
tough problem before him, unless he has previously well acquainted 
himself with the achievements of the singular beings who inhabited 
those glens mu far-off age, when the hum fur yellow gold was appar¬ 
ently considered the ultimate aim and end of iheir whole exigence, 
(See pi. 2.) 

There are man}' dredgers of various sizes at work. The largest and 
newest, “Canadian No. 3/ J belonging to the Boyle Concessions (LrdJ, 
wliich started on March 31 r 1013, was working dose to Daw son City 
at tho mouth of the Klondike Valley at the time of our visit. tSoe 
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pL ,1.) It i* sin immense structure weighing some 2 >000 tons and 
cost nearly £ 100,000, but its efficiency is marvellous, It dredges 
11,800 yards per day ami goe* Sunday and Saturday for 250 days a 
year from March till nearly Christmas, when the weather becomes too 
sOTore. The buckets scrape all they can reach, including blocks of the 
bedrock, and to test their efficiency wo are told that a man twice 
threw a small coin about as large as a threepenny piece into the water, 
and each time it was brought up and recovered m the riffles along with 
the gold- The whole machinery in cent rolled by one man, t ho dredgo- 
nuisler, who has 10 men under him—3 winch men who art? paid $5 
(25s.) a day; three oilers * at SL30 (18s. 6tL), and 4 deck hands, at 
$4JSO (about 20*0* The winchmun and uilere work in three shifts of 
8 hours, and the deck hands two shifts of 12 hours T The cost of 
dredging a cubic yard is 0 cents (3d.), and the average value of iho gold 
is 2S cents, so that the gross profit b 22 cents (lid.). On the ll,30U 
cubic yards dredged tills gives a daily gross profit of a little over £'>00, 
so that It is obvious with graved of this value there b a very lmndaomo 
annual return, and indeed ir would pay well to dredge much poorer 
stuff, of winch no doubt there is still abundance. 

We are often »old by politicians of a certain class that wealth is the 
result of manual labor only. Here W6 find a notable proof that such 
shallow philosophy b based on a pure fallacy. The laborers got all 
they could and wasted most of it . It was only when capital and 
brains, and especially the latter, carae to the rescue that the Klondike 
goldfield was saved from absolute extinction and granted a new and 
prosperous lease of life. 

The price of the dredger docs not. however, nearly represent the 
whole of the capital involved. The plant is worked by electric power 
derived from the upper part of the Klondike Elver, as there is not 
nearly enough local fuel available for steam-raising purposes. The 
water Is taken from the North Fork of the Klondike by t he Granville 
Power Co. and conveyed through a flitch 6 miles long to a point where 
there is an effective head of 228 feet. By meaits of turbines and a 
10,00frhorecpower plant the current is generated at 2,200 volts and 
stepped up to 33,000 volts. It ig conveyed over two main distributing 
lines, one of which runs down to the mouth of the Klondike River and 
the other over the watershed to the basin of I lie Indian River. This 
great installation supplies electricity, not only to the Boyle Co. dredg¬ 
ers, but to other public and private consumers in the district. As 
there is neither cheap fuel nor water power in the immediate neighbor* 
hood of Dawson City, it is obviom that this source of power and light 
is of the highest importance to the district. 

The greatest achievement in the way of hydraulics U to bs seem in 
ilie works uf the Yukon Gobi Co. T an American firm belonging chiefly 
to Messrs* Guggenheim. As there are no local falls to provide water 
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for hydraulicking t he higher white graved, this company in 1905 in- 
ilkted a bold etheinc, After three years of very difficult work they 
succeeded in bringing water at high pressure from the Little Twelve- 
mile River, a, tributary of the Yukon with a good full, from a point 61 
tm\m from the Klondike placers. The water is conveyed in 37 miles 
of ditch, 15 miles of Hume, and 12 miles of pipe line, crossing five de¬ 
pressions, including the Klondike Valley, mainly by means of inverted 
syphons. The water is delivered to the Bonanza terraces under a 
head of 500 feet. The total length of this waterway and ita extensions 
is 75 miles, and the stream issues from the nozzle* at a pressure of 
100 pounds per square inch or more. 

The **gifmtfl ,p or ^monitors/' as they arc called at some places in 
America. throw the water against the frozen cliff, and it takes some 
time to make an impression on a block of the white icy conglomerate, 
as I soon found when I tried my hand at it. Every day in summer 
some of the face crumbles away as the ice melts* but the parte that are 
hard frozen are not quickly eroded down by the powerful jet that h 
concentrated on them, 

The gravel and bowlders are washed into steep and narrow cute or 
ravines sunk in the rock floor of the terrace, with mouths opening on 
the steep hillside. The gold is caught in wooden ilumes and sluice 
boxes through which the tumultuous current rushes before it sponte 
out on the face of the slope and is discharged into the gully in the way 
I have already described. The hydraulic king of these high gravel 
cliffs wilh vast jeta of snow-white water, like graceful comets, is the 
most picturesque and striking spectacle in the whole district. (See 
pi 5,) 

The lout of tlie seven systems of gold working, the mining of the 
quartz reefs from whose decay the placer go hi has l*era derived, is not 
important. No large veins have been discovered, but more prospect¬ 
ing may yield some fruits in the future after other met hock have been 
exhausted. On our way down from the Home we stopped at Victoria 
Gulch, a small branch near the top of Bonanza Creek, where a pros- 
[lectors 1 four-head battery, worked by electric current from the 
Granville power line, was crashing Ore from an open-east mine about 
1,000 feet up the hillside. The Lone Star mine is in a considerable 
body of low-grade ore in mica schist full of quartz lenticks* It ap¬ 
peared to lie about 200 feet wide, but its dimension* were not well 
defined- The ore did not average more than $3 a ton in value, but 
assays had proved that at places it contained over 2 ounces per ton, 
and the prospectors said they were able to pay their way from the 
proceeds* 

The hillsides are covered with scrubby vegetal ion growing on Hie 
decomposed and crumbling rock, and thus the outcrops of mineral 
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lodffi are imi always easily discovered. From the quantity of gold in 
the grmveD which arc tic rived from the parts or the local rock surface 
that have been denuded away, it b likely that the undecompnwd rtw^k 
beneath contains modi more, hut unless lodes sire found in a sufficiently 
concentrated form at any one place they call not be profitably mined. 
Hitherto the attention of miners has been mainly directed to what is 
immediately payable, hut further rescarch may reveal large bodies of 
pay ore in the little explored district. The great and highly profitable 
Alaska Treadwell mhic on the coast near Juneau I ms laid open an im¬ 
mense body of low-grade ore* but the conditions art 1 far more favor¬ 
able for cheap mining than they tun likely to be at Dawson for a long 
time Lu come. 


Pn, A—Vaitnft cd1e| prrfnrsiQn to 1^3. 


Yukon Colo Productioh 

to tais 


In conclusion k may he noted that although the Yukon and Klon¬ 
dike district b not now producing sensational results, the production 
from the placers b still large and steady. The exact annual produc¬ 
tion prior to 1904 is only estimated, but the figures from that year aiv 
officially known and have been kindly supplied me by Mr. Edmund E 
Stekton, tlic inspector at Dawson. The Government lev Lea a royalty 
of 2 per cent on the value of the gold. This is carefully collected, 
sometimes with the help of that admirable force, the Northwest 
Mounted Police (mainly recruited in the Old Country 1 who work more 
Ll fur honor and applause ** than for lit mu rial reward, and liave, with a 
n-nmlL but highly efficient and thoroughly respected personnel, been 
the mean* of maintaining a wholesome respect for British law and 
order in the vast Northwest territory during ami since the very try¬ 
ing time of the fink great rush of wild adventurers to the Klondike. 
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The gold production from 1898 to 1918 wits as follow'd. The first 
column is tit dollars and the second is the approximate value in 
pounds sterling, reckoning £1 its roughly equal to So. Tlte yean* in 
question end March 31. 


luifln prorfitftiew. 



110,^000= 

£2,000,000 

i m 

lg. im, <**>= 

3,200,000 

im,.. 

22*275,000*= 

4,4&e. two 

1901_ .... 

IS. 000,000=. 

3,500.000 

1902........ 

HKtyOOO- 

2,300,0«0 

...... 

12,250; 000- 

2,430, OO0 

1004........ 

10.500,000*- 

2,100,000 

1005. 

9*300. 075- 

1,801,335 


1006 _.... 

$7,iaO,OE7— 

<1,433,323 

1907. 

S, 141, 136= 

1,028,237 

190®.. 

2,820,131= 

304,020 

im _.... 

3,200,301= 

032,073 

1910. 

3 , 394,893= 

718,078 

1911........ 

4,123,570= 

823,114 

1912... 

4,024,245= 

801,840 

1913.... 

5,016,411— 

1,003,082 


Tlte largest year’s output whs in 1900, and was estimated at 
$22,1!75,(KM) (£‘1,455,000). and the total output of the territory since 
the discoverv of gold is estimated ni over $15<UH»U)0O (iMD.Uoo.OOfl!)^ 

These figures, which show the rapid rise and steady decline of the 
production an if the slow' increase since 1908 after hydra u licking and 
dredging operations begun, may bo made more impressive l>y refer¬ 
ence to figure 6- 

The important question may now Iks asked: How long is tho field 
likely Lo remain productive? Tills aspect of the subject has l»een 
discussed by Mr. McConnell in u report published by the ( ieologieal 
Survey in 1907. The total volume of the remaining river and terrace 
gravel beds was measured and the deposits were carefully sampled in 
sections, Mr. McCounejrs conclusion tit that time was that after 
1906 the total value of the gold in the Boinuiza and Klondike valleys 
and their tributary creeks was 853,642,620. Since then the value of 
gold Obtained up till the spring of 1013 was $27,984,750, so that of 
the amount estimated there remained of gold values after 1913 onlv 
$25,657,800 still to be produced. 

The production in 1913, as shown above, was a little over 
$5,000,000, and since then the large dredger of the Boyle Concessions 
has added to the productive capacity of the plant. If Mr. McConnell 
is right in Ids figures and no fresh discovery is made, the field at this 
rate will be quite exhausted in five years* time. But Mr. Boyle has 
carefully sampled the river gravels nt the mouth of the Klondike bv 
boring, and there in evidence that the capacity of the field is consid¬ 
erably greater thim Mr. McConnell anticipated. Of course, the life 
of the fielil will he shortened in proportion to the rate at which it is 
being exhausted, and when all the alluvial gold is extracted the mom 
hope for Dawson City will be the discovery of reefs or bodies of pay¬ 
able ore in the bedrock. 
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The discovery of gold was tlw principal means of opening up the 
Yukon district for settinmen t and showing that its resources arc not 
entirely dependent on the yellow metal. The vast, territory is imper¬ 
fectly explored, and although it is far north, the climate is warm and 
favorable for iigriculture and gracing in summer. Further explore 
tion is now much easier from such a good center ns Dawson City than 
iL was 15 years ago, rind we may hope that freak enterprise will not 
fail in revealing new resources that will lead to the permanent set¬ 
tlement of this remote and almost wuuhubi Luted outpost of the 
Dominion, 


THE HISTORY OF THE DISCOVERY OF SEXUALITY IN 

PLANTS . 1 


By Prof. Dtncas 6. Jonxsox. 


From the beginning of mini’s thoughtful consideration of natural 
processes, the phenomenon of sexual reproduction, with the associat ed 
phe run i O'ha of heredity, have persistently engaged his keenest interest. 
The primary fact, of the necessary rumen rreuce of two individuals in the 
production of offspring in the ease of animals was recognized from the 
begi lining. The cqu i vtilon t phe 1 i in ne n on was not es ta blUbed for plants 
until the end of the seventeenth century. At this Limo T however, little 
more was known of the essential features of the sexual process in ani¬ 
mals than had been familiar to Assyrians, Egyptians, and Greeks 20 
centuries before. 

Of the additions made since 1”0G to our knowledge of sexual 
reproduction, of its varied types and of the associated phenomena, 
no mean share has been contributed by botanical investigator*. 
Noteworthy among such contributions are the work of Xoclreuter 
and Mendel in the production and systematic study of plant hybrids, 
and the early work of Pfeifer on the chemo tactic response of sper- 
matozoids. Of more recent work wc may cite that of the plant 
cytobgists on upoganiy and apospory, ou multi nucleate sexual cells 
or gametes and on the long-delayed nuclear fusion in the sexual 
reproduction of the plant rusts. It should then be of interest for us 
to consider just how and when the more important steps have been 
taken in building up the vast mass of somewhat incomplete knowl¬ 
edge that we now possess concerning the reproductive process in 
plants. Because of exigencies of time and patience, I shall con¬ 
fine myself primarily to an attempt to picture the chief steps by 
which our present knowledge of the essential sexual process, the 
mingling of two parental substances, has been attained. Incidentally 
wo may note the changes in point of view of investigate rs and in 
their inode of attack on this problem. I shall attempt to suggest the 
trend of development more clearly by often grouping the chief phe¬ 
nomena discovered in such a way as to indicate the sequence of dis¬ 
covery within each group of the different phases of the sexual process, 
though the order of discussion may thus not always accord with the 

1 Adilrra tit the yU* unHiijpBt anil chafrumn oJ ecrtksi <J„ Am*trU*ii AswrUtima. fur Lbfi Ad* 

vnnofm£J3[ -of Bciwae#* flwtnibti, llftJ. H*pffiMed hy nemi’iitiaiL nr uuhvt, in Stator- Teh. 
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sequence of the discovery of individual phenomena in plants a? a 
whole. 

In following the evolution and change in aspect of our problem we 
ilmll often find it befit to keep a few relatively great names prominent. 
This will serve in the first place to make the story more vivid and intel¬ 
ligible. It W'ill at the same time often come nearer the essential 
truth, for in each great forward step some one worker has usually 
been the dominating lender. 

I.- THE DISCOVERY THAT POLLINATION IS A FR.EItr.QITSIW TO SEED 
FORMATION, 750 R. C. TO A, IL IMS. 

The first discoveries pointing to the existence of sex in plants 
were evidently made very early in human history by peoples culti¬ 
vating unisexual plants for food. The existence of fertile and sterile 
trees of the date palm was known to the peoples of Egypt and 
Mesopotamia from the earliest times. Rcooriia of the cultivation of 
these trees and of artificial pollination have come down to us on bus- 
reliefs from before 700 B. C., found in the palace of Sargon at Khorsa- 
bad (llaujit and Toy, IS®#),' The Assyrians, it is said, commonly 
referred to the two date trees ss male and female (Rawliuson, i860). 
The Greeks, in spite of their peculiarly keen interest in natural 
phenomena, failed to offer any definite interpretation of this well- 
known fact concerning the date palm. Aristotle and Theophrastus 
report the fact, gained apparently from the agriculturists and herb 
gatherers, that some trees of the date, tig, and terebinth bear no 
fruit themselves, but in some way aid the fertile tree in perfecting 
its fruit. But without recording a single crucial experiment on the 
rant ter Theophrastus concludes that this can not be a real sexuality, 
since this phenomenon is fotmd in so few plants. 

lu this uncertain state the knowledge of sexuality in plant* was 
destined to rest for 20 centuries, waiting for the experimental 
genius of Camtrnrius to give a conclusive answer to the question 
raised by the Assyrian and Greek gardeners and answered wrongly 
by Theophrastus, The English physician Grew (lfilfi) did, it is 
true, accept and expand the suggestion of Sir Thomas Millington 
that the stamens serve as the male organs of the plant. Thus Grew 
concludes (p. 173) that when the anther opens, the “giobuleU in the 
theca* act as vegetable sperm which falls upon the seed cose or womb 
and touches it with prolific virtue.” But this guess, though it 
proved correct in the main point, was still a guess and not supported 
by any critical evidence so far as recorded by Grew. The only 
adequate evidence that could be obtained On this question, while 
microscope and technique were so imperfect, was experimental 
evidence. This kind of proof was fust given some 20 years after 

i Puled Mfula indiciifl ptibUettion trf tk 1 * blbUofmpbjf nppmdvl So fmaeat artlrli b 
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Grewr’s work by Rudolph Jakob Cumtrarius, of TGbingen, Came- 
r&riiis fully appreciated the presence of a real problem here. Ho also 
had the genius t« see that the philosophical attempts of many of hte 
immediate predecessor* to discover its solution entirely in their own 
inner consciousnesses were futile. With the insight of a modern 
experimenter Camwarius put the question to the plants themselves, 
The results of his experiments, as reported in the famous letter of 169-1 
to Prof, Valentin, of Giessen, were clear and conclusive. After noting 
that tlie aborted seeds were produced by isolated -and therefore 
unpollinated ■— female plants of Mercurial is, and of mulberry, by 
castrated plants of the castor bean, and by plants of Indian corn from 
which he had removed the stigmas, Camererius gives his interpreta¬ 
tion of these phenomena. He says (Ostwald “ Klassiker," p. 25): 

In ihft vegetable tingdem lh< i re la leeoinpliflhfld no repnxiuetkm by wdff r tint 
i&etH perfect gift of nutnre, and the wml mpans of perpetuating the imltiflfl 

ftp p^kiiElv apjHiLrii^ apinwa of the Aowet have &kiidy prepared the plant therefor* 
It appp-ins ivAnnjkble to aimbnlti la thraa unthaia & Ufibltr name and the office of 
male iwxuoJ organs. 

In tho 70 years after Cftmorarhis had proved in this way t ho existence 
of two sexes* and tho fertilizing function of tho poEen in plants* 
little advance w&s made. Bradley, of London, Gleditsoh* of Berlin* 
and Gov. Logan* of Pen nay 1 vania* confirmed parts of O&niorarius's 
work* and tho groat Linnoeus accepted the conception of the &tamen& 
mul pistils as sexual organs as clearly proven* not p be it noted* by the 
results; of Cwnerarina’a experiments, but by the "nature of plants." 

In 1701 J. G. Kncl router T of Garisruho, published an account of tho 
first systematic attempt that had hmx made* with either plants or 
fitiimab, to produce and carefully study artificial hybrids. In his 
work with hybrid tobirccos, he demonstrated that characters from 
both parents are often associated in a single offspring. He thus not 
only eempletedCamomrius's work, but also, by showing that tho male 
parent participates in tho makeup of the offspring* he helped mate¬ 
rially to break flown the u etnboitomorit theory' 7 of Christian Wolff* 
which assumed that the embryo came entirely from the egg, and that 
its characters could not be influenced by tho male parent. Tt b true 
that K&ulmiicr was mistaken in believing that fertilisation is accom¬ 
plished by the mingling of the oil on the pollen grains with the secre¬ 
tion of the stigma to form a mixed fluid* which he supposed then 
penetrated to the ovule. Nevertheless* his concept ion of the mingling 
of two substances was a move with the proper trend. 

Knelreuter also demonstrated that in nature the pollen necessary 
to fertilization fe often brought to the stigma by insects. He thus 
opened up a field of research which was cultivated with such splendid 
effect by Konrad Sprengtd 30 years later, and by Darwin r MflUer p and 
others a century afterwards. 

TSl+tf 1 —«ii 1914-as 
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In spite of the absolutely conclusive work of Comoranus,Koelreutor, 
and Sprcngel on the sexuality of plants, their conclusions worn often 
rejected during the first half of the nineteenth century. Thus 
certain devotees of the nature philosophy occupied the ms elves 
either in proving over again, after Ccsolpinp, that plants can not lie 
sexual because of their nature, or in trying, by ill-conceived and 
carelessly performed ''experiments," to prove the conclusions of 
Camerarius and Koolreuter erroneous. These objectors were finally 
silenced, however, when Gacrtner, in ISP.}, published tho results of 
such a largo number of well-chocked experiments, entirely confirming 
tho works of Camera ri trs, Eoolroutor, and Sproogel, that no thinking 
botanist baa since doubted tho oecurroneo in flowering plants of a 
sexuality essentially identical with that found in animals. 

U.—THE msCOVETIT OF THE POLLEN TTI1F, AND ITS RELATION TO THIS 
ORIGIN OF TUB EMM1YO, 1S23-IS47. 


During tho opening years of the nineteenth century a number of 
botanists, who believed in the sexuality of plants, tried to discover 
by tho aid of the microscope just how fertilisation is effected. Most 
botanists of the day believed the pollou grain burst on the stigma, 
end that its granular contents found a way through ib*> style to the 
ovary. An entirely new aspect of tho problem of fertilization was 
opened up, however, when itt 1823, Amici, of Modena, saw on the 
stigma of Portulacca young pollen tubes arising from the pollou 
grains. Seven years later be followed those tubes through tho slylti 
to the micropylo of tho ovule. At about this time also, Jikob 
Matthias Schleidoii ([S38) took up the study of this same problem, 
lie was a man of vigorous intellect and greaL versatility, who some¬ 
times misinterpreted what ho saw, but who proved a most stimulating 
Opponent to a number of other workers who did observe accurately. 
After denying Hubert Brown’s assertion that the pollen tubes of the 
orchids arise in tho ovary, Schloidan proceeded to describe and liguro 
the pollt'ii tube as penutrating not merely the style mwl then" bo 
micropyle, hut even far into tho embrvo sac itself. 

Here, os he say* in hia Gnmdzflgo (II, p. 373 j - 


Tlw end (ot tho polfcn tab*) *™lk either ii, mich a w»y dint the varidauW^ 
re it the portion of rho mb* within lU ShSJSSfiS 

t. ft, Urween tlM.pc^cJ thu ^btyo meoad the embryo] v «icL«,?l a,*, mbo hB W 
L.r a short cylindmul portion u( the laiter, the *uipeiuBr. b 

He thua regarded ( ho embryo sac M a sort of hatching place for the 
embryo, winch he thought formed from tho end of the pollen tube 
This Idea of the origin of tho embryo rosily denied tho oocurronce of 
any actual sexual process, and made tho pollan the mother of rh 
embryo. rue 
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In 1846, however, the error of this conceptiun ™ dearly demon¬ 
strated by Amici, who showed that the embryo of the orchids arises 
from an egg which is already present in the embryo sac when the 
pollen tube reaches it. It is this preexist mg egg, according to Amici, 
that is stimulated to form the embryo by the presence near it of the 
pollen tube. This view was confidently supported by Mohl (1847) 
and Hoftneistor (IS47), and tho contnmusy with Schliddon became 
oven more spirited. As Mohl afterwards wrote (1863), men were 
"led astray by their previous conceptions to believe they saw what 
they could not have soon,” Tho dispute even approached tho ac¬ 
rimonious, us when Schloidon (1843) says of one worker's figures, 
"Solcho Praparate sind ohno Zvvoifel ftita don Kopf gejseichnot.” 

Hofmejster, from tho beginning of his study of fertilization in 
seed plants, had sought In the pollen lube for some equivalent of 
the sperm atozoids, those motile nude colls of the mosses and ferns that, 
had first been understood by Unger in 1837. He was unable, how¬ 
ever, to do more than point out the mistake of earlier observers in 
regarding the starch groins of the pollen t ube as spermatozoidri, and 
to suggest tho likelihood that these motile cells might bo discovered 
in the gymnosperms, a prodiction the fulfillment of which was realized 
by Ikeno and Webber 50 yearn Inter. In his study of pollen tubes 
Hofmcistcr demonstrated to his own satisfaction that the tube dots 
not open in accomplishing fertilization. His view, which was tho one 
current till 1884, was that the egg is stimulated to develop into the 
embryo by some substance that diffuses through the imperforate 
wall of the pollen tube, 

ni,- THE DISCOVERY OF .V PROTQPLAeICO FUSION AT FERTILIZATION. 

We come now to consider a series of discoveries oF supreme im¬ 
port mice in the investigation of tho essential sexual process in plants. 
This is tli* period in which the problem that had baffled naturalists 
for twenty centuries was ut last solved, at least in one most essential 
feature, by the demonstration of the occurrence at fertilization of a 
mingling of paternal and maternal substances. 

It will not be without interest at this point to note the intellectual 
stimuli which led an unusual number of workers to investigate tills 
phase of our problem. 

In the first place, there were on record mid under discussion at the 
middle of last century the many puzzling observations of the spiral 
fallen, " or animal cube, as they were thought to be, that, had been 
found arising from a number of plants. These motile, spiral fila¬ 
ments had been seen in a liverwort (Fossombromiu) by Schmiadcl 
(1747), in Sphagnum by Esenbeck (1822), in Charu by liischnil 
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(1828), mid finally, on the fern prothallus by Nfcegdl (1844). Tnger 
(1834-37) studied these bodies in the mosses (Sphagnum and Mtir- 
chantia) an(J declared bis belie! that they are not infusoria, but are the 
malo fertilising cells. At this time also the? zoologists uf the day 
were making Lhe first detailed studies of the spermatozoa uf animals, 
Barry (1844) I had seen a spermatozoon within the egg of the mb bit; 
Leuckart (1849) saw them enter Lhe frogs' egg, and then, in 1S51| 
BbchofT and Allen Thompson proved that fertilization is accomplished 
by the actual entrance of the sperm at ozudn into the egg. A no less 
important influence, in stimulating the botanical workers on the 
problem of fertilization, was the magnificent work of Hofmeister, 
on the reproductive structures of the mosses, ferns, and conifers, 
Bt these splendid researches he had indicated to men of less insight, 
si!!»I h^> ii-mpreliensive imagination, just ihi- poinLs in i.hc lib- t vrleS 
nf plants where the critical phases uf the reproductive process are La 

be so Light. 

Among iht? many workers engaged on this problem of fertilization 
in plants in the third quarter uf last century there was, in emiscquamca 
of readier exchange of information, an altitude of greater considera¬ 
tion. for the work of other investigators than was found in the two 
preceding decades. There were differences of opinion and mtcrpie- 
tation, to l>e sure, but there was less of that strenuous coeksuroness 
when men saw, or thought they saw, differently from others. The 
mistakes of the brilliant Schleidcn were perhaps remembered. Men 
like Hofmoister, Pringsheim, and Strasburger added to and modified 
the interpretations of other workers in the same spirit with which 
they remolded Their own immature conclusions. There was a spirit 
of cooperation evident; it became posable fur a worker to observe 
and record the Fata of s pollen tube in good temper and with i-alm 
judgment. 

The first steps toward the demonstration of a union of two masses 
of living substance at fertilization resulted from the study of a group 
of plants/the algfti, in which sexuality had not been proven or generally 
admitted. It hud T however, long before been suggested in the case 
of Spirogyra by Hedwig (1793) and Vaudier (1803). 

The alga* were in fact especially advantageous for the study of 
fertilization, since the development and behavior of the reproductive 
organs and celk could, without elaborate preparation, be readily seen 
under the microscope, and often foDowed through in liviug material. 
'Thus, Thurot, in 1833, for the first, lime saw the active sperms att ached 
to the egg of Fucua, and, in 1834, proved experimentally that only eggs 
to which spermatozoids have had access will germinate. He thus 
demonstrated in this alga the correctness of Ungor'e unsubstantiated 
surmise (1837) that the spermstozoids arc the male fertilizing cells. 
In CEdogOftium, Pringskeini, in 1856 Cp. 9), watched the spermstozoid 
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push into the receptive tip of the living egg and saw the character¬ 
istic oospore wall formed in consequence. This, except for the less 
satisfactory observations made on Vnucheria a year previous hv the 
same worker, is the first case recorded of the observation of the 
actual union of male and female edit in any plant, Such a union 
of the protoplasmic masses of the two sexual cells was soon showm to 
ho a characteristic feature of fertilization in a number of alga’, Thus 
Do Bary saw it in Spitugym (l £58), and Pritigshcim (1869) repeatedly 
observed the gradual fusion of the mottle gametes of Pandorina, It 
was nearly 30 years later, however, that this phase of fertilization was 
fust seen in seed plants by Gorosehaukiu and Straaburger, 

The w orkers on this problem were on the lookout for further details 
of the process of fusion, and even knew* rather definitely what they 
were looking for, but failed to discover it from lack of proper methods 
of preparation of material. Tiius, Sims burger, in IN77, carefully 
studied the process of conjugation in Spirogyra and found that 
*' llautschicht fuses with Hautachicht, Kemplasma with Kern- 
plasma”- -"The rhlorephyll bands unite by I heir ends " and he then 
goes on to soy i«f l he feature that evidently interested him most, "the 
cell nuclei of both cells, however, became dissolved; the copulation, 
product Is without n nucleus." Two years later Schmitz (!87fo, 
when studying hematoxylui-stdined material of this alga, was more 
fortunate. He saw the two nuclei in the zygote, an he says, “ap¬ 
proach nearer and nearer, come into contact and finally fu.se to a 
single nucleus." This observation by Schmitz is an import mu one, 
for in it we have (lie first dear statement that the nucleus of the main 
cell passes over intact to the female cell, there to fuse with the female 
nucleus. 

Strasburger hud, it is true, seen a second nucleus fusing with that 
of the egg in the archegonia of Picra and Pinua in 1S77. Ha did not, 
however, really know the source of this second nucleus, though he 
suspected some relation to those that are present earlier in the Lip 
of the pollen tube. These tube nuclei ho says are dissolved Just 
before fertilization, and then just after fertilization, to quota (1877): 

The ibaIo uurJciw formed foul tins mu tent* of ilie polloti tulie is found now near thg 
end uf iho tub*, now near, or hi contact with, Hut egg auelctu. • * * The poo- 
pla-vnic con ten b of tho potlm tube, I hold, passes Lhmmjli the 'impcrionili'i lulw- 
nic-mtmiiK' in a diomutic titan ner. 

# 

The fertilization of the gymnosperms, hecauso of their large eggs, 
pollen tubes, and nuclei, was at this 1 imo being studied by a number 
of workers. One of these, Goroschunkin, in 1SS3, was able to detntm- 
strato that bt Pratt* pamifio the pollen tube opens aL the and, and 
that through this pore tho two male cells pass bodily intn tho egg. 
(joroschaiikju’s mistake, in supposing both mule nuclei to fuse with 
Lhu egg nucleus, was corrected by Slmsbtirger the folly wing year. Tho 
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latter (ISS4) saw the same bodily exit of both male nuclei from the 
fppen polka tube of Picea, but found only one mule nucleus fusing 
with that of the egg. In tho same publication Strasbmger also 
records mimorrtii? i&stfuicM in which he hud been able to observe the 
same mode of escape of the contents of the pollen tube into the ripe 
embryo sac in iingiospornis. At last,, us Si ms burger puts it, in di±*- 
cussing fertilization lei tho conifers: 

The mwt important JE»rplwli>gIcal facia arc clear. It Lr wtfcabtULed that tho main 
nudiHui that rapalatcH with Else egg nucleus, pwee m iuj-A out of ih-e peUeu mho into 
the ccp. 

Thus, fimilly p was the actual material contribution of both parents 
to the embryo of Lhe seed plains first seen. This was just two cen¬ 
turies, lacking a decade, Ltfier Camerarius (1004) had proven that tho 
presence of pollen on the stigma is indispensable to seed formation- 
One chief reason why this import amt problem so long baffled all in- 
vest igators was the lack of proper methods of preparing material for 
study. The older method of studying unfixed and unstained sections 
had certain advantages, it is true. The sequence of developmental 
stagey was often determined with certainty by Actually following 
titt'ir succession in living material under the microscope, and there 
wtis less cause also for dispute about artifacts. But structures of 
the Mime refractive qualities were not readily distinguished in such 
sections. As Sirosburger himself says (ISS4 T p. IS): 

Tlic negafivu- HMilto <h my wrliiir Hbadlea uml ut Uuw« of Ethfiug wens due [fl lhe 
bek of p ineLbcMi which permitted the nuclei. tn bu dWngoiiiheH in the re- 

fiw-tlvo ctvniflnUiof tlm p.-llm tuba up to Qio mu men t of fortUIxa tiou. 

Thnt these studies of 1334 were successful was largely due (o the 
ur-i? i'f materia! fixed ni five-tenths per cent acetic acid, 1 per rent 
(►sniic acid or in absolute alcohol, and stained in I u>mx carmine, hetiia- 
toxylin or iodine green* 

The extreme signifioince of the fact that those most highly nigan- 
Lwtl portions of the cell substance—the nuclei—were so prominent 
in tho process of fertilisation was at once appreciated by Strasburger* 
who in 1384 (p, 77) announced the following general conclusions us 
Lhe outcome of his consideration of the phenomena observed ; 

(I) The fartfliixtfcfl pTocvai depends upon the copuhitioh with the egg 1 Nucleus ef 
tlio iluiIo- iuiHbijj thai pi brought into lhe e^, which b In accord with the view clearly 
eiprHtssl by O. Hfitwig. ( 2 ) The cytoplasm Ib not eonccnicd in the proem el ferti- 
limlioxi. (It) TW sperm nucleus like tlie egg nucleus Ls a true cell nucleus. 

in tho yearn sinee 1384 tho nuclei have bean found to be tho struc¬ 
tures chiefly concerned in fertilization, w henever such a process occurs. 
Among the earlier observations of this nuclear union at fertilization 
in each uf the great groups are tho following, named in tho order of 
discovery: It was aeon in Pilularia (Compbell p 1338), in Ridla (Kruch, 
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1S91 >, in CEcIdgonJimi (Elebahn, 1392), in the plant rusts (Dtm geard 
and Sapin-Trouffy, 1393), in the toadstook (Wager, 1893), in the 
red alga Nemnlion (WilIe T I394} ? in Sph^rotheca (Harper, 1893b in 
the rockweed, Ftieus (Farmer and Williams, 1396), Finally Zeder- 
bfiuer (1004) reported it for the Perklines:, and John (1907), Olive 
(1907), and Kraenzlin (1907) made it out in the niyxomycetcs. 

The observations just referred to, and many others on plants in all 
groups, warrant the general application of Strasburgerk conclusion 
that a nuclear union b the characteristic feature of every sexual 
process. The few cases whore the male cytoplasm seems more promi¬ 
nent than usual, as in the three conifers studied by Coker (1903), 
Coulter and Land (1905), and Nichols (1910), cart not yet be said to 
have rendered it very probable that this cytoplasm plays a primary 
part as tin inheriLance carrier. 

IV *—TBK DISOOVMET OF TUB ALTkKNATtON OF GENERATIONS IK 

FLA NTS, 185 L 

The fact that the sexual cells of the higher platiEs are produced on 
a plant body or individual distinct from that which forms tho asexual 
reproductive cdk, and that In the normal life cycle the one type of 
mdividunl arises from, and latcrgives rise to, an individual of the other 
type, must be regarded as one of the most significant features of the 
evolution of plants yet discovered. One of t lie chief general results ol 

te magnificent- work of Ilnfmeister was the discovery of this regular 
alternation of asexual and an asexual generation, not only in the life 
hi^ti-ry of the mosses and ferns, but also in that of the seed plants. 
lh •fufrkter states this result dearly in the Vorgleichende Untereuchun- 
geu y and makes it apply still more broadly in a brilliant generalization 
published in the Higher Cryptogam!*!. There ho says (p. 439): 

Tim plLenegarai, there*are, fora tike tipper terminal link af a series,, tlie members of 
ffbkh irrt the Gaulftwuad Cycaulw T Use vascular cryptogams, Uie J[uKm« and the 
Chamcro, Them? members exhibit & ccmliftujilly mere esioneivo and mm lmb> 
pendant vegetative sai-rtencc in proportion tn tb<? gradually defending rank of the 

goiiHnilMiti i^'odicig imprrgnaifon,, which generation in developed from repradiiL'tivi! 
celk caat off from ibo uiyaubim lt«oIf. 

Since Hofmeisier^ day detailed investigations by many workers 
have fully confirmed Hofmeisters conclusion. They have shown the 
essential homology, not only of the spore-producing organs, and the 
one or two kinds of spores produced in them, but also of the structures 
arising from these spores, throughout all cormoph ytm r from the mosses 
tip ward. 

In the studies of the nlgse that followed immediately after Hof- 
fnekters work, investigators of these plants sought in them for some 
evidence of that regular alternation of sexual and asexual phases that 
had been demonstrated in higher plants* Pringaheim (1856, p. 14) 
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(jnp of the ablest uf those students of the alga-, at first wgwfded the 
multiceBukr budy, formed at the germination of the oospore of CEdo- 
goniiirn and Coloochcete, as an asexual phase comparable with the 
simple sporophyte of the liverwort- Ricci a- Celakowsky (ISK61 dlstin- 
gulsbos as homdoQtm alternation those cases, in algto like Ulothrix 
orCEdogomum, where the gamete-producing generation seemed capa¬ 
ble of zoospore production also. The constant and regular alternation 
of the urthegoniates and seed planLs he called an&ihe&c alter nation. 
PringshcLm (1ST 7) found that moss protonemata form from cuttings 
of the seta of the sporophyte as well as from hits of t he gametophyte. 
p TO m this fact, and from Farfow’s discovery (1874) that a sporophyte 
of the U'rn, Pteris crrticti, may arise directly from the prothallus. with¬ 
out the fertilization or even the formation of an egg, F rings helm con¬ 
cluded that both generations of the urcbcgoidates are really identical. 
He says 0877). p. 0: 

1 bdicrvtf thF? mow sprirogcnLum eiJimla t« tins iiaa&& plant m the mme relation llmt the 
^ratigmm-bisriiitf tfaprolegnu m dtt to tlm DagaDium-bouiiig plunm of ihh species; * ,, 

I liiereforo Liirn this intc-rpreilation of tins Jruit generation of iho fciuiilophyteflm 

general, and especially against tbit inicrprclatiuiiof the sexual shoot generation of the 
Bondero and Ajicomycetra . . . The cytfociap ia evidently not n depura te individual 
but port of the nextuM plant that pfoduMsi it. 

The antithetic view wm tva^rted, however, especially by Cdu- 
kowsky (!B77) and Bower (1890), both of whom emphasized the sug¬ 
gestion of A. Braun (1875} that the sporophyte is a new thing phyldfie- 
neticfrUy* Bower holds that the types of spopophyte found in the 
archegoniates have arisen by the amplification of the zygote, with the 
sterilization for vegetative functions of smaller or larger portions of 
the originally all-pervading sporogenous tissue* The amphibious type 
of alternation of the mosses and ferns had arisen, according to Bower's 
conception, with the migration of these plants to the land, and the 
assumption of the terrestrial habit by the sporophyte. The antithetic 
view was also supported in a most striking way, later, by the results 
of t he workers on chromosomes* 

The homologous view of alternation also has not been withoutsup- 
piirters in the years since Pringsheim. One of its upholders, Klebs 
(1896), based his belief on the fact that he could determine the type of 
reproductive cells formed by the alga* Hydrodictjon and Vuuchetm, 
by changing the conditions under which they arc grown. Lang (IKOD- 
ISDS) favored the homologous view because of the discoveries of Fax- 
low*, Dv Btiry, Bower, Farmers and himself on apogamy and apoapory. 
Scott, one of the strongest advocates of the homologous alternation 
theory* bases his belief not only on the evidence afforded by the eases 
of upogamy and apospory, but also on the fossil record. He points 
out the lack of any sporophyte■ living or fossil, that cun be regarded 
as ancestral to that of the ferns. In arguing for the homologous 
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origin of the kafy fcm aporophyto from a livtrwort-li-k® tin Jins Scott 
says (1011): 

Vie know plenty of intermediate between a tballiis and a leafy stem; but no 

one over saw an intermediate ain^e between a ^jr&t*uniLmi and a leafy stem. 

V. THE DISCOVERY OF illHOMOSOMK REDUCTION AND OF 5YNA7BIB, 

im. 

W<? have seen that daring the two decades at the middle of Last 
century sLiuI&utfl of sexuality in plants devoted their attention 
to the disco very of the relation of the pollen tube to the origin of the 
embryo. The three decodes after I860 were given largely to the 
proof of o union of a paternal with a maternal nucleus as a constant 
feature of the sexual process in plants. For the past two decades 
workers interested in reproduction have been engaged especially 
in determining the behavior atul fate, in the various phases of 
plant development, of those essential elements of the nuclei, the 
chromosomes. The result of this study has been to give us a much 
more definite criterion than we had before of just what constitutes 
u sexual process. Moreover, this intimate examination of tiro 
chromosomes, together with the precise means of germinal analysis 
hy breeding, introduced by Mendel, bus given us some insight into the 
significaiicc of the sexual process in the ontogeny and phylogeny of 
plants. 

The discovery of chromosomes in plants may best lie attributed 
to StrushuTger, who, in 1875, first figured them distinctly in the 
embryo qf Picea, It b trufl that Hofraeister (iStiT) had noticed the 
equatorial plate of “albuminous clumps ” in cells at the time of their 
division, and Kuaaow (1ST 2 ) saw. in the dividing spore mother- 
cell nuclei of Ophioglo^um, plates of vermiform rods (“St&bcheii- 
pktten^), xStrashurgcr (1870), and Hanstein (1880), and Flemming 
(1880) were, however, the first to realize the constancy of the occur¬ 
rence of chromosomes in the dividing plant nucleus. The fad 
soon pressed itself upon the investigators that, the number of these 
chromosomes differs in different plant a and in different phasic 
of the sante plant. Then followed the epoch-making discovery of 
the zoologist Van Bcneden (1883), that the number of chromosomes 
in the egg and sperm of the thread worm Ascaris is the same, and 
that the double number characteristic of the body cells becomes 
reduced during the maturing of the germ cells. Botanists after 
some delay, due, as Stmsburger says, lo lack of proper technique, 
succeeded in demonstrating thes^ same facts for plants* Thus 
Strnsbmger in 1888 showed that the number of ehixunosomes char- 
ftcteristie of the egg and of the male nucleus in n number of angkt- 
sperms is the same, and is fixed by a reduction occurring in the 
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mother cells of the pollen and of the nmhiyo sue* Guignard also 
(I 2 S&D and 1891) demonstrated these phenomena mLiiiimi find in the 
pollen mother cells of Curatozamin, noting the eight double chromo- 
aomffl in the latter and other peculiarities of the first mitosis- Over- 
ton (l&Od) counted the same number of chromosomes in the female 
proihidius of Ceratozumm, while Farmer (1894) found four chromo¬ 
somes in the th alius and sex u id reproductive cells of Fallavlduk, 
and eight in the seta and capsule. 

Later m the some year Sirasburger, in a masterly address before 
the British Association, completed the proof of Overton's suggestion 
(1S93) that in the mosses and ferns abo reduction takes place, as 
Overton puts it* “in the mother colls of tho spores; that is* at the 
point of alternation of the generations.” Stnishurgor, by com¬ 
paring his counts (d chromosomes in the dividing spore mother cells 
of Osmunda with tho number seen hy Humphrey (figures published 
in 1895) in tho topetal cells, found tho latter number about double. 
It is interesting to note also that tho Osmund* slides used in this work 
were among the first paraffin sections used by Strasburger, 

From this correspondence of the liverwort and fern mentioned 
with the seed plants in which reduction had been seen, Strasbuiger 
was led to predict the universal occurrence or thk phenomenon of 
reduction in all plants that reproduce sexually. Concerning tho 
phylugpnetic origin »f the reduction proei-s Strafiburgor held that- all 
plants (and animals) were primitively nomoxtial and had a constant 
number of chromosomes- With the development of sexual repro¬ 
duction the initiation of the process of chromosome reduction avoided 
the evident disadvantage of repeated doubling of the chromosome 
number at each sexual fusion. This return fro ns the double number 
formed in tho zygote to the primitive ancestral number of chromo¬ 
somes he believed might- occur at mi} T point in the life cycle before 
the next fcrlUUatkm* Strasburger then went on to emphasize 
the advantage of the sexual mode of reproduction, when once ac¬ 
quired, in allowing hew combmatiuns of parental strains in die 
offspring, and the disadvantage it had of producing so small a number 
of offspring. It is to meet ibis disadvantage, he suggested, in agree¬ 
ment with Bovver, that the zygote of forms like Colcoclueto,. mosses, 
ferns, and seed plants took over the function of multiplying tho 
progeny by a sort of polyem bryony—tho formation of spores, The. 
spam-bearing generation later in the evolutionary liigtory became 
ultimately independent of the gametophyte t and at a still later period 
it not only produced two kinds of spores but also assumed tho cure 
and nutrition of the reduced female plant arising from the larger 
of the two kinds of spores Thus, in Stnusborgor'e view, tho primitive 
iiohsca-uuI generation is now represented in tlm archcgoniul^-s by 
only tho sexual phase, which has gradually lost its power of asexual 
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multiplication, while thesporophytc La a third* anew generation which 
h as risen by specialization of tbo zygote. There is in the wnnophytea 
the ii nil antithetic alternation of the two most recently evolved 
phases of the life cycles, while the only clear trace of the primitive 
no asexual phase U found in the halved number of chromosomes, 
which is reverted to by a process of chromosome reduction at some 
point in each life cycle. 

In the two dmados since this famous pronouncement of Strive 
burgeFs was made, chromosomes have been counted in the different 
developmental phase* of nearly all groups of plants These counts 
have shown that wherever there is sexual fusion there is alsn p at some 
other point in the lifo cycle, a reduction of the double number of 
chromosomes so formed to the single number eharairtorifitUt of tho 
gametes. In all cormophytes and many thuilophyles Lids reduction 
occurs at s|x> regents is. 

The investigation <>f the complementary phase of the chromosome 
hehaTior» the doubling of tho number at fertilization, has during the 
pa_>t two decade* also led to extremely interesting results* 

The earlier worker* on sexual nuclear fusion apparently behoved 
that tho paternal and mat omul nuclear materials become intimately 
mingled Boon after contact of the nuclear walls, Thus Klebahn 
(1892) described tho chromatin nets of tho two nuclei m gradually 
merging into one in (EdogoniuiUp and Shaw (1808) described the 
same proves? in Onoclea. It is true that thugnard (1891) had nrursJ 
thitp in Lilivmi find Fritilhirin, the male and female reticula remain 
distinct until the prophase of the first nuclear division of the embryo. 
Later res cure h, however, showed that the paternal and muterml com¬ 
ponents remain distinct till much later than this; in fact, that the 
chromatin elements from tho two parents do not really fuse at all 
during the process of fertilization* On the contrary* it seems quite 
likely that all through the development of the sporophyte the chro¬ 
mosomes from the two sources retain their identity and mdividualii y- 

Thus Blackmail (1898) and Ferguson* (1901) say tliat in the fusing 
nuclei of Finns the two chromatin nets never Juso identity, and that 
at tho fu*l mitosis of the embryo each constituent gives rise to its 
own group of chromosomes. This independence of the two chro¬ 
matins at fertilization has since" been seen in a number of species, 
and it is now believed to.perfiist throughout tho lifo of the sporophyte. 
Tho double number of chromosomes is present at cadi mitosis of this 
generation, and those chromosomes socnetimes occur in pairs and are 
assumed to consist of a paternal and a maternal chromosome each- 
In certain plants also, according to Overton (1909), Grogpbe (1910)* 
Stout (1912)* and others* the individuality of the chromosomes of the 
rating nucleus, postulated by Strasburger in 1894, is morphologi tatty 
discernible* De Vries (1903) emphasized Um fact that tho s[h>ix>- 
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phytc, with its two complete sets of chromosomes, k rotilly two beings 
in one* by designating it as the iJ 2X generation/' This contrasts it 
at cixioe, bi tliis important characteristic of chromosome number, with 
the gauietophyte or **X generation. 1 * 

Apparently f then, no actual fusion of the chromosomes is included 
m the nuclear union occurring at fertilisation. The question at 
once arising iss Where in the life cycle is there any fusion, or intimate 
union * >f lb ese inheritance- bearing units t Th e answer to this question 
was for some time generally behoved to be offered by the phenomena 
associated with the process of ** synapsis .* f BotaiUMts had for some 
time noticed and figured the peculiar contraction of the chromatin 
of Lhe spore mother-cell nucleus occurring just before the chnmin- 
somes for the reduction di visum arc formed* Mwre (ISO®) reaffirmed 
8tnwburgers view that, oven with the best preservation, the chro 
matin regularly assumes this condition at sparoganeak, and then only, 
Moore, therefore, declared this condition to be not an artifact, as many 
workers had held, but a natural process* which he named “synapsis/* 
In spite of the insistence by an occasional worker that synapsis is an 
artifact, the impression of its constancy and peculiarity grew more 
general at the end of the lost century. Then in 1U01 Montgomery 
suggested that it is in tins process that the lung-delayed union of the 
paternal and maternal chromatin occurs, Montgomery's conception, 
that each of the double nr hi valent chromosomes formed on emer¬ 
gence from aynapab Is mod® up of :i paternal and a maternal chro- 
niojome, which have in some way been paired up during the synaptic 
process, come to he rather generally accepted- 

Recently, however, a number of workers* have dissented vigorously 
from the view that synapsis is a constant, or a highly significant 
process. Thus Gregoira < 1U10), Gates (1911), and Lawson (1912) 
hold that it docs not occur unfailingly a l- Bpopogencris. Lawson saya 
that so much of the separation of the chromatin from the nuclear 
wall a* Is not due to fixation is attributable to the more rapid growth 
of the nuclear w all than of -Um chromatin. Finally dl three agree 
that such a process is not needed for the pairing of the chromosomes, 
since, m was observed by 8 Eras burger (I9Qn) and others, fhechromo- 
somes may regularly appear in pairs in the vegetative mitoses of the 
spnrophyt-e. Moreover, studies of the vegetative nuclei uf thespuro- 
phyte, especially by Gregolre and his students show that their diro- 
moeflmw are idiHd^Ciimnoctcd by adhesions, and by |:^cudopodium- 
llke strands developed between the vi$dd chromosome when the new 
rotiruhim is formed after each mitosis. Gates (19! i) p after reviewing 
recent work on this point, bolds that the pairs seen in vegetative 
are of a paternal and a maternal chromosome each. lie scci 
no adequate reason for thinking that the association of parental 
chromosomes at synapsis is any more intimate than that winch occurs. 
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ns he snjSj ^at or soon after fertilization.” He evidently regards the 
connections between sporophytic chromosomes referred to above m 
affording ample opportunity for any mterchango of material or 
^influences** between the chromosome* Gates does not say just 
when the parmial chromo^iOH are first paired up after fertilisation 
nor gives the evidence for this. He fails also to explain the fact T 
upon which practically all workers seem agreed, that the constituent 
rlmmiosomcti of the diploid pair are associated with each other in a 
more intimate way thirn are the eliromosoraes of any other mitosis 
in the life cycle. 

¥1_— ALTERNATION AND CHROMOSOME NI MBERS IN THE AIMM t ISiHj. 

We have already seen that an attempt was made in the third 
quarter of last century to interpret the life histories of certain thallo- 
phytes, especially among the algse, in terms of the alternating gen- 
emtions discovered by Hofmrister among: the archegoaiotes. Tho 
basis of comparison was the occurrence of a sort of polyembryony 
at the germination of the sexindly produced oospore in these ulgn? + 
Tliers 1 vvlls- much uncertainty, however, concerning the exact cotto- 
ftpcsnciencc of phases in the two groups, and even as to whether the 
alternation was of the same sort in the two groups. 

With the promulgation of Slradiurgers view (]g&4) regarding the 
significance of (he reduction of the chromosome number in the life 
cycle, botanists felt that they would now be able to distinguish 
the phases of a real alternation of generations wherever chromosomes 
could be counted. A number of workers therefore followed out 
cytologic ally the details of development and conjugation of the 
sexual cells and the germination of the zygote in various alga?. 

The Work of Chmielewski (IBM) on Spirogyr^ and of Klebahn 
ClSfJ* oil de^nuils showed some indications of u reduction process at 
the gens limit am of the zygote in these forms, though rhronu^omea 
could not be counted. Sot till very recently was it demons fra ted 
for one of ihi^H!, Spirogyra, that the chromosome immhrr is actual!y 
reduced at this time* Trundle (1911) has counted chromosomes of 
Spirogvni and finds that there is a re til reduction here, and that three 
of the first four nuclei formed in the zygote degenerate, the fourth 
remaining the nucleus of the single embryonic plant formed. 

In a study of the green alga Coieochfctc, AUcu (IWB) showed that 
the chromosome reduction, occurs with the beginning of germination of 
the zygote. Hence the group of zoospore-producing cells arhdng 
from tin- latter is not to be regarded as a sporophvte p as had often 
been maintained. Allen thus eliminated the only ancestral prototype 
of the bryophyte sporognnium that the antithetic altcruationkts hud 
been able to discover among the green algi^ 
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The search among tiie brown algoe for parallels to the chromosome 
history of the conmjphytf’s bis been much more HUoCiissfuL The 
fiRt ease made out, that of Fueiis, by Farmer and Williams (1BD6) 
and by Strashurger (1897) iiecmcd, it k true, nut very ilhimimiling. 
They found the reduction occurring in the first divisions nf wlmt 
seemed clearly to be the egg- and sperm-producing organs, a point 
where it oeoms in no other green plant. This case of Fucus, you will 
remember^ is the one used % Scott (1S9G) to point a moral, when 
voicing the generally felt critic bin uf those botanists who proposed 
+( making the number of chromwomes the criterion by which the two 
generations are to be distinguished/' Scott says: 

l vtnta m Iti think it premature to ruuh into indutlive re-awning from iiujHSfVctty 
u-iablighed prtiml™, The eaac or Fucui in which the Fuctw plant is ehawn to have i hu 
full number of dnomijeornea £i*es dead ei^aJikeL the Mem. that the sexual generation (and 
who could mil a Fnetis pljint LLityihsiiL' but wximl) nocwarlly hm* the red need number 
of crhroniMsotiiea, Thin tad hi indeed a rebuff to deductive murphalogy. 

When, however, Stnkburger {J9P6} anti Yamunouchi (t$i09) 
followed out the logical trend of Lite chromosome evidence unre- 
Eervcdly, Litis life history of Fueus became more readily comparable 
with that of the cormophytee, anti with those of certain brown and 
ml alg» that hail in the meantime been elucidated by Williams and 
YamanouchL From this point of view, elaborated most completely 
by YaniMiouchb the Fucus plant with i\* 2X number of chromosomes 
is a sporophytCj and the reproductive organs arising in its com-cp- 
tadt s are sporangia comparable with those of a seed plant. After the 
reduction, which occurs at the normal point, at sporogenesk, each of 
the four megjopor^, without escaping, gives rise to a gaiuetophyte 
L‘f two fertile cells or eggs. Each uf the four micros pores in turn 
forms a gnmotophyte, or X generation, of but sixteen cells, each of 
which Ls fertile and forms a spermatezoid. It is interim ting to note 
here the similarity which has been pointed out by Strasbiifger and 
by f hamberhiin of the chromosome cycle of Fucus to that of ani¬ 
mals. In the latter, from the plant cytologkFs point of view", the 
sexual generation has become reduced to the four haploid nuclei 
formed at spermatogenesis and oogenesis, and the etMralfcd ovary 
Mid spermary are really spore-producing organs of the 2X or asexual 
generation. 

In the brown seaweed I)ic tyota the discovery of the chromosome 
cycle revealed! for the first time in any thallophyte, an alternation 
that seemed dearly comparable with that of the cormophytes in tliis 
respect. Williams {1001) was able to show that the morphologically 
similar, mature plants of Bietyota dichoi&nta differ not only in that 
some produce spores onl}" and others male or female reproductive 
cells only, but also that the nuclei uf the former have twice as many 
chromosomes as those uf the sexual plants. He found also that 
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the number of chromosomes Ls reduced nt tetraspore formation and 
held that nil this cytological evidence indicat'd the iiHrmiiUiiii «f the 
sexual mid the tKruspnrie plants., The doubts of conservative 
botanists ri^arding the regular and necessary sequence of these 
haploid and diploid plants were dissipated when Hoyt (1910) raised 
fruiting tetruspom 1 plants from egg#, and mature sexual plants from 
tctra 3 pores + Hoyt thus demonstrated by cultures, for the first time 
in any alga, the identity of this alternation with that of the corrno 
phytes. Y&manoudd (1911 and 1913) has demonstrated, eyto- 
logically and in part by cultures, the occurrence of an exactly similar 
type of alternation in (he brown alga- Cutleria and Zaiiardima, the life 
cycle of Cutlcm seeming pixuliariy like that of the cormojihytea 
because the two generations differ not only in chroma tin content! but 
also in structure. 

In llie red seaweeds also the use of cytological methods and the 
determination of chromosome numbers has given a series of very 
suggestive, though not as yet easily interpreted, results. Oh matins 
(1S98) showed that the nucleus of the curpospore is a direct descend¬ 
ant of the diploid oospore nucleus. Wolfe (1904) decided that in 
Memalkm, a species that does not form fetraspores, tho reduction 
occurs at the budding out of the carpospores from (lie mass of cells 
arising by division of the fertilized egg. Ho therefore follows Oll- 
manns in regarding the diploid cell mss* mentioned as the sporophyte 
of tlds species. In a series of red algie, which have a tetrasporic 
phase in the life cydo, Yamanoncshi (1900). Lewis (LM8), and Svode- 
lius (1911) have found cytological evidence of nn alteroation of two 
generations similar in character to that first seen ,in Dir Lyot a. 
Lewis (1912) later proved conclusively by the use of cultures that the 
haploid sexual plants ume from tetraspores only, wliilc the diploid 
fertilized egg gives rise, through the oarpospores formed from it, to 
tetrasporic plants only. 

In the interpretation of the phenomena seen in those rod alga? 
Yamanouchi regards the tetfasporic plant as the more primitive 
phase of the 2X generation, anil carpoftpore-formafcion as a sort of 
secondarily developed polvcmbryimv for multiplying the progeny 
fruiu each fertilization, Lewis* on the contrary* holds the view that 
the totrasporic plant is, in origin, an early, self-propagative phase of 
tlic primitive, haploid, sexual generation. Further he suggests that, 
in accordance with a general tendency evident in many sexual plants, 
i he process of reduction has lie re been postponed and pushed fur-* 
ward from the tune of c^rposporc-formathjiv, where it si ill occurs 
in the primitive form Xemalion, into this originally haploid tetra^ 
sporic plant. 

Though no generally accepted Interpretation has yel appeared 
of the somewhat varying chromosome cycles that have now been 
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elucidated in green, brown, and red nlge, yet the mass of facta thus 
far obtained presents an impressive picture of, the essential identity 
of reproductive processes in these plants with those found in the 
rannnphytes. Peril ups the most mterastkig ]K>xnt noted in making 
such u comp &rmm in the feet that the type of life cycle among alg® 
that corresponds most closely with that of a higher plant, such as an 
art:hegnmate P » the type found in several genera of the brown 
algfie, The fact may bo recalled hero also that it was ui the garnet- 
angia of this group that Davis (1903) finally turned in Ids search 
for a prototype of so mud reproductive organs of the hryophyt m* 

VII.—MXtTAt-tTV, CBEOSIOeOSIia BISTORT ash alternation in the 

ruNOip im 

In tins' group of parasitic or saprophytic tiudlophytos we shall 
find as great a variety in the type of reproductive process as in their 
mode of nutrition at the expense of the hosts beset by them. At 
the beginning of last cantary fungi were commonly supposed to arise 
spontaneously "out of the superfluous moisture of the earth and 
rotten wood,” 

Observations had been made long before tins, it is true, sufficient 
Uj render improbable the then common belief in the spontaneous 
generation of the fungi. Thus Mkhr-li (1729) had raised a fungus 
mycelium from spores. Ehronberg (1$2Q) did the same and also 
saw the conjugation of Sporodmia. Du Troche! (L834) proved that 
the mushroom arises from threads of the mycelium in the soil. 

The spontaneous generation of even the simplest of these parasitic 
or saprophytic thallophytes—Lhe bacteria -had been denied by 
Leeuwenhoek at the end of the seventeenth century. In one of las 
numerous letters to the KojaI Society ho denies the spontaneous 
origin of the animalcule or bacteria which he found in the mouth. 
These he found present even in the mouths of ladies who cleaned 
their teeth carefully. He insists \hat these organism* are like those he 
obtained from pools of water, and then goes on to say, in iv para¬ 
graph that reads like a modem health commissioner's report: 

Nov, Tshi-.n purple wait, their Iss-f mii^™ ami cLrinkmi? cujhi iu the water from pander 
and ^rnum, ifhtj Coil tell how many of thwe lminulculip tuny frick lo the of 
the glun and that $et into ih* mouth. 

The hiusy or bizarre beliefs concerning the occurrence and tlio mode 
of reproduction in the fungi, current at the middle of last centuiy, 
were dispelled by the studies of a group of able investigators early 
in die second half of the century. First came the splendid work of 
the brothers Tulasne (1847-1854) on the smuts and rusts, and their 
discovery of the oogonium of Pcronosponi. Pringslieim, hi 1857, 
studied the sequence in development of the zoosporangia and odgemia 
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of the water molds. Then came the researches of that master 
mycologist, Anton Do Bury, on the reproductive structures of Poron- 
ospora (I$61}, of Pyronenm and Spluere theca (1863), and on Urn 
life histories of the rusts, 1853 and 1865. The results of his own work 
and that of his students Woronin and Janczewski convinced Do 
Bary that, in the Aaromycotes, as well as hi the phy corny cetous 
Pcronosporas, the contents of an. oogonium is fertilized by tko 
escape into it of the living contents of the anthoridiul tube that grows 
beside it. 

In the seventies and eighties a vast number of detailed observa¬ 
tions concerning reproductive processes in the fungi were accumu¬ 
lated by many observers, led especially be De JJary’s student, 
Bri’fold. One outcome of this work which concerns our particular 
problem was the insistent, though unconvincing, denial by Brefeld 
of the sexuality of the Ascomycetes. 

In the last decade of the nineteenth century, with Lhc application 
of new methods of fixing, sectioning, and staining, a new era opened 
in the study of sexuality in the fungi, au era in which American 
workers have played a prominent part from the beginning. 

As early hh 1886 ilosenviugc had succeeded in staining the many 
mi del of the mycelial cells of toadstools- also the primary basidium 
nucleus and the four-spore nuclei alining from this. 

Humphrey <LS9—) and Hartog (1805) followed the history of the 
nuclei in the antheridium and oogonium of Saprobgnia by the use 
of stained sections, and concluded, a 1 ! De Bury hud done, that there 
is no fertilization in these forms. Mot until the work of Trow (1901) 
ami Claussen (1908) was it proven that the nnthmdium of these 
water molds, at least in some species, may be functional, olid not 
always vestigial, as Be Bury (1SS1) and Humphrey bad thought. 

The earliest cytologies! work on the A^comycutes, after the detec¬ 
tion of their nuclei by Schmitz, was that of Dangeard (lS'J4j. He 
described mul figured a fusion of two nuclei in the aseus of Exoascos, 
of Pezixa, of the truffle, and others. The source of the two fusing 
nut-lei Dangeanl did not truce back farther than the subiemumil cell 
of a hooked hypha, from which the aseus arises in Foma arid others, 
The asciis, with its fusion nucleus, he regarded us mi otteporc. 

In 1895 there was announced from Straaburger’s famous laboratory 
at Bonn a discovery which seemed at one stroke to scLflc Lhe dispute 
between De Bury and Brefeld, and to definitely demonstrate the 
occurrence of a sexual nuclear fusion in the sexual organs seen by 
De Bary. In lhut year llarper showed that out of the opened 
untheridial lube of tho hop mildew, Spheero theca, a mule nucleus 
passes into the oogonium and fuses with its nucleus. The whole 
behavior of antheridium and oflgonium and their contents bud 
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every aspect of a real aexmd process, as De Bury had asserted in 
1883L What made Harper's discovery a til more significant was the 
determination of the fate of the fusion nucleus in relation to the 
nuclei of the useua md spores- Harper found that one of this row of 
jive or six cells resulting from the division of the fertilized oogonium 
has two nuclei. These two descendants of the diploid nucleus, 
formed at fertilization, afterwards fuse, and the cell con laming them 
swells to form the single asciis of this species. This, presumably 
tetraplosd, fusion nucleus of the oseus then grows and divides three 
times to give the eight spore nuclei. In the following year or two 
Harper (I89B-07) demonstrated a sexual fusion of the same type at 
the initiation of the fruits of another mildew Erysibe* and of the 
saucer fungus Aflcobolua. The numerous asci of these forms all, 
arise from hinucleatc branches of the hi nucleate, sub terminal cell of 
the fertilized otSgoniuni. Each itscus i* at first binucleate, hut later p 
ns had been seen by Daugeard 0894), the two fuse and then by 
division the eight spore nuclei are formed as in Spharotheoa. 

In the course of the following decade Harper reported the occur¬ 
rence of two nuclear fusions, like those of Sphrero theca, and at the 
same points in the life cycle, in the mildew's Erysibe (IS96) and 
Phyllactinia (1905), and in the saucer fungus Pyronema (1900)* 
Moreover, he found in Phyilactinia u synapsis and evidence of a 
double reduction of the chromosome number in the divisions of the 
presumably trtrapMd, fusion nucleus of the asciis. Fyronmna 
proved interesting also in having multimiuleate gametes, such aa 
were at this time being studied by Stevens in tin white rust Albugo* 
Harper believed that many pairs of male and female nuclei fuse in 
the oOgOninm of Pyronema. 

As the outcome of this whole series of studies by Harper it seemed 
clear that there is m many Ascomycetcs an alternation of a haploid 
generation, the vegetative mycelium and the sterile hyphio of the 
fruit r with a diploid generation, the fertilised oOgonium and the 
osciL^fomriug hypluo arising from St. The second fusion,, in the 
ascus ? was regarded as a nutritive phenomenon to provide a nucleus 
adequate in size for the organization of the relatively huge a^cus* 

At ihe opening of the century the observations of a number of 
workers on the simpler Ascomyccteo, c. g + , those of duel (1902) and 
Barker (1902), seemed to establish the occurrence of a nuclear fusion 
in the o&gnnium in these forms also* This, with Harper's work, 
made it seem probable that this fusion is a frequent phenomenon 
throughout all the Asodmycctes. 

The researches of certain other cytologic id worker, however, 
convinced them that no fusion of nuclei really occurs in the oBgonium 
of the Ascomycetea which they studied* Thus, Dangeard (1897 and 
1907), working on Sphffimtheca and Eryslbe, found no fusion except 
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that in the usous. CImkuehcji (1907) and Brown (1000) could find no 
other in the varieties of Fyrouema studied by them. Both workers 
find paired nuclei associated in die ascogcnoiis hyphen and finally in 
the young asms. Cl&tfcssen therefore regards the fusion in the young 
asc m as a union of descendants of the sexual nuclei that, were brought 
together in the oogonium but did not fuse there. In other words, he 
thinks it a real sexual fusion which him been deferred. Brown, on 
the other hand, says that in hk plant no antheridial nuclei are com 
cemed, since the imthcridium never reaches the odgonium. He 
therefore regards the Fusion of pairs of nuclei, derived from the 
oogonium, which occurs in the sscus, as one that serves bb a substitute 
for the sexual fusion that primitively occurred in the oOgonium. 
Brown's view k supported further by hk work on Luohnea flBIll, 
and by Fa till's recent work (1012) cm certain Lahnulhemas. 

If this view of Brown’s be accepted it implies that the original 
diploid condition of the eelb of the sporophyte has been altogether 
dimmatedi except for the brief uninucleate stage of tin? oscus. In 
spite of tliis, however, list? whole structure and development of the 
original 2X generation, from ferlilked oOgonium to mature fruit 
and asciis, how been retained. This same normal type of vegetative 
structure, in spite of an abnormal chromosome number, has been 
demonstrated in gametophvte and sporephyte of aposporoms and 
apog&mous mosses and ferns. It k lmpli* b i I also in lewis’s suggest ion 
that, in the ml seaweeds, the reduction has been postponed from its 
original location at carposporc-format ion over into the primitively 
haploid totrasporic phase of the next generation. 

Still other recent work on the Ascomyoctre p however, supports 
Hnrper T s view that u doubk fusion frequently occurs in these fungi. 
Thus Blackman and Fraser (190G) r Fraser (1907-3 ) t and Fraser anil 
Brooks (I MO) find avirioncc of several steps in the loss of function of 
the antheridiu in the different speciirs of the cup fungi Lodmea and 
Human a. In those cases where no anthcridial nuclei arts discharged 
into the oogonium, nuclei of this organ itself are believed, by these 
workers, to fuwe in pairs within it. The later fusion in the aocua, 
which they find in common with all workers, they regard as a 
nutritive phenomenon. 

Until toward the end of last century the Rasidiomycctess w'ere 
generally assumed not to be sexuaL At least no sexual organs had 
been described for them, with the exception of the spermugoma and 
iscidia of the plant mats. These hod Wen colled male and female 
organs, respectively, by Meyen, before the middle of the century. 
The very first nuclear studies of the mats and toadstools, however, 
revealed the occurrence of a nuclear fusion, and at another point to 
the life history indications of the complimentary process, a reduc¬ 
tion, were discovered. 
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In the ease of the niHisTi^n (IH921 saw two nuclei in tho= E'cidio- 
spore nf cert mu species. Dangcard and Sapm-Trouffy (1B93) reported 
the occurrence of a nuclear fusion in the tdcutospore. S&pm-Troiiffy 
(1,39G) found that the cells of the iridium-btwirig mycelium arc 
uninucleate up to the very base of the chain of ftddiocpoim Mai re 
(1000) first stated dearly the whole nuclear cycle in rusts: Beginning 
with the bimicieafce secidioeporc there follows, e. g.j in the wheat rust, 
the uredo or mst stage, which hag a binuckaie mycelium and forms 
bmuckato uredoaporcs for several generations. The two nuclei of 
the young tekutosporc p finally formed on this mycelium* fuse as the 
spore matures. The two divisions of this fusion nucleus in the 
promyedium give rise to the four nuclei of the four sporidia which 
germinate to the uninucleate cluster cup mycelium on the barbeny. 
Maire saw in this life history a red ail emu lion of generations, the 
gametophyte or X generation beginning with the sporidium, the 
sporophyte or 2X general ion p with the mother cell of the fflddiospore 
chain. 

Blackman (1904) and Christman (1905) discovered the origin of 
the hi nucleate condition of thh mother cell in species of Phragmidium, 
It there arises by the migrat ion of a nucleus from one cell into another, 
or by the fusion of die cytoplasm of two cells to form the mother cell 
of the s|H)re chain. The two nuclei thus brought together divide 
simultaneously or conjugalely, each contributing a nucleus to the 
first and to each succeeding spore. This conjugate division of the 
paired nuclei and their ilcsecndnuts was shown to occur all through 
the iiredo generation up io the formation of the young tekutospore. 
In the interprets don of their ilisixpvci ics Blackman and Christman 
differ more widely than in the fads reported. The former supports 
the surmise of Meycn, and believes live basal cells of the spore chain 
are oogonin which wore primitively fertilized by the now funcuoijess 
spornuitia, or pyrjiusporea, that are produced in separate organs on 
the barberry leaf. Christman, on (he contrary* regards the fusing 
cells at the base uf the iecidsimi a> the primitive, undifferentiated 
sexual organs of these fungi. He hoi*Is that male and female organs 
have never become differentiated in this group, and thinks that the 
spermatm are, or were, propagative cells uf the X gene rat ion. 

The observations of many workers on the smuts ami on the toad¬ 
stools have shown the frequent occurrence In them of an association 
of nuclei and the final fusion of two nuclei in the chkmydospore or 
the bosidium. The time and mode of assocktion of the fusing nuclei} 
or of their progenitors** are very different in different forms. The 
fusion* and what appear to be the reduction divisions are, however; 
constant in location in each species, and arc always closely associated 
Thus, the nuclear fusion in the often oceans in the chlaiuy- 

diiS[>ore p according to Drnigcttrd (1893 > and Kawitscher (1912)} and 
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reduction evidently follows immediately in the next developmental 
phase, when this spore germinates to fonu the eporidin. In the toad- 
fitoo h s according to Wager {1S93), Dongeard <1S94> P Harper (1902), 
Nichols (1004), and Levine (1043), the fusion of nuclei occurs in the 
basidium, and the reduction at the very next division of this Euainn 
product, when the four spore nuclei are formed. 

The striking uniformity with which the apparent reduction occurs 
m all Basidiomy cotes, at the time of formation of the sporidm or 
baaidiosporre, affords good evidence that this type of spore format ion 
b a long-established one, common to the whole group. It thus sup¬ 
ports B ref eld's view that thepromycelium of the smuts and rusts is 
homologous with the basklium of the higher forms. That the point 
hi the life cycle where the associated nuclei finally fuse is the point at 
which it occurred hi the earliest Basidiomycetes is not so clear* The 
modes of bringing about the first association of the paired nuclei are 
so varied that it is difficult to detect any clearly ancestral type among 
them all. The structures concerned with this process in the suddiuin¬ 
forming rusts certainly sceni most readily comparable with the repro¬ 
ductive organs of other t halophytes. It seems probable that the 
occurrence of fusion at the same point in all forms is duo to its being 
postponed in all forms as long as it could be p without being pushed 
over into another phase of the life cycle. 

It would bo instructive to sjiend another half hour, as we can not 
do here, in considering those peculiar short outs in reproduction 
known as apogamy mid aimpoiy, These phenomena are so patently 
secondary and so relatively infrequent that they can not be looked to 
for evidence of fundamental importance concerning the history or tha 
significance of the essential aaxuol process ifaeLT. Their study has, 
however p served to correct certain false assumptions concerning the 
relation between the difference in chromosome number and the differ¬ 
ence in structure of the two generations. For example, the apogo- 
mous production, by NipJtrodium moUg t of a normal fern sporephyte 
with the X number of chromosomes demonstrates as no other kind 
of evidence could that Do Vries waa right hi regarding the normal 
sporophyto as really two beings in one. Incidentally too, such phe¬ 
nomena suggest how comparatively unimportant it is for the structure 
of tho plant, in what manner, and at what point in tho life history the 
association of the 2X number of chromosomes is brought about- 


CONCLUSION. 

In our rapid glance at the progress made in tho study of tbi.i prob¬ 
lem during 20 centuries we have seen how for IS centuries men at¬ 
tempted to solve the problem by recourse to philosophical reasoning, 
without tho aid of detailed observation or experiment, Then, in less 
than 2 centuries, by the use of these mourns, Camerajius proved that 
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polKnuimn is ft necessary condition of seed formation; Kodrcuter 
demonstrated that eharaeteiv from both parents appear in hybrid 
offspring; Amici, Pringsbeim, Scbmita, and Strtudmrgor showed how 
the mingling of parental qualities is made possible by* the approxi¬ 
mation and mingling of parental protoplasms and nuclei 

The sexuality which was fust suspected aud fust experimentally 
proven in the seed plants has now been demonstrated in all groups 
of plants save the bacteria and their allies. The primary feature of 
the process, the union of two parental nuclei, is the same m aU. 
The method of bringing together the two nuclei varies widely, thLi 
variation sometimes involving even the complete disappearance of 
externally recognizable sexual organs. During the evolution of 
plants old methofls of accomplishing the approximation of the nuclei 
have been discarded, and ucw methods have arisen. In tho latter 
caso a fusion of nuclei of closer kinship has often been substituted fur 
the primitive one of more distantly related nuclei. This seems evi¬ 
dently tbe case, for example. In the apognmous AscomyccUw; perhaps 
also in the Basidiomycetes, and surely so in tho cases of nuclear 
fusion in the protludlia and in the sporangia of ajWgamous ferns. 

In tho process of fertilization, *is we understand it at present, there 
are brought together two distinct sets of chromosomes, which in the 
nuclear divisions of the sporophyte, or iX generation, aro uften found 
associated in palm. The exac t summer in which these chromosomes 
become paired, and the possibility of their attaining any more inti¬ 
mate association, cither in the resting reticulum or in synajs.li, are 
m ,t yet definitely determined. If, as is indicated by Meudelian 
phenomena, and as demonstrated cytologicolly to tho satisfaction of 
many workers, there is no loss of identity of tho chromosomes hi the 
aporophvte, then there Is no very significant fusion at any point in tho 
life cycle in consequence of tho sexual process. Members of tho two 
sets of chromosomes may be interchanged or shuffled, probably at 
synajisis, and thus new sets or combinations he formed m tho implt.id 
nuclei at reduction. These new combinations, however, are still 
made up of the same discrete individual chromosomes. 

The essence of tho sexual process then, as far as yet morphologically 
demonstrated, consists not of a real fusion, hut merely of a temporary 
association, followed by a reassortment at spnrogenesis of those 
ultimate, inheritance-beardig units-—tho chromosomes. 
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By L. Il, Jon Eft, 

Pmfcaor of Phmt pathology, Umvnmtg of Wimmimn. 


I .—imRUDL'CTlON. 

It may be assumed* I trust, that I am doing the expected thing in 
choosing the topic of this address from my own field* phytopathology. 
If ? however, justification is asked* the answer is clear. Plant path¬ 
ology is simply a phase of botany. Practically all progress to date in 
its scientific development is owing to botanists. The rapid increase 
in mini hers of those engaged upon work in this branch of botanical 
science has, however, naturally crystallized certain tendencies to 
segregation, giving us our independent Fliytopaihologicid Society 
with its separate program and its own journal. While this segre¬ 
gation is. in my judgment* the natural and wholesome result of 
progress, it creates problems and embodies danger to both parties, 
To the parent group* these lie in the loss of dose association which it 
hits hittptofore had wit h some of its virile younger members; to the 
younger brmioh, there is the even more serious danger hi passing 
from Hie critical and sUndardkiug influence of the general Botanical 
Society, dominated by nmtnror minds and broader ideals. 

If vve accept as true the statement of one year age by Dr. Barlow 3 
that America h to-day surpassing other nations in the study and 
applications of plant pathology* perhaps the first phase of biological 
science where this can be asserted, all will agree that much credit 
for this is duo to the fact that our methods* ideals, and leadership 
have come directly from botanical circles, Now that these relations 
are becoming h^s intimate* the responsibility rests upon both parties 
to sec tSuit by conscious effort we keep in closest touch* that the 
dangers of mutual loss from segregation be minimized to the utmost. 

I have chosen She combination title Problems and Program/' 
because of the necessary relationship of these two ideas. There may, 
indeed, be difference of opinion as to the relative stage of scientific 
progress in plant pathology, as compared with other branches of 
botany* There must, however, bo general agreement as to the 
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relatively great increase in activity in t.hb field in the last two decades. 
Activity k the gauge of life, and fullness of life should be the best 
criterion of progress. But. we all recognbo that whether or not 
activity or life in ftny scientific field does measure progress depends 
upon whether or not notion is directed toward Lhe solution of funda¬ 
mental problems. 

Let m with this in mind review the prt'gress in phytopathology, 
trying to define and delimit some of the chief profile ms as they have 
successively arisen and to decide in how far they have been solved. 


rn—THE PROBLEM OF PARASITISM. 


Practical-minded men have faced the problems of disease in plants 
since plant culture began and those more scientifically minded have, 
of course, speculated or investigated m the mutter. But it will 
profit m little to go back much more than a century for inquiry into 
eit her their definition of the problems or t heir progress in the solution* 
When Count Be, of Italy (1807), * 1 * following tie lead of the Tyrolese 
von Zollinger (1773) , attempted an account of what was known about 
plant diseases, practical or scientific, the result was largely barren 
because he had no conception of the meaning of parasitism. Little 
was known about the fungi and less about their Lost relations, 
Sehweinitz, Persoon, and Fries soon laid the secure foundations for 
mycologies! nomenclature and species descriptions, secure because 
based on keen observations and critical comparisons. But they bad 
no concern wish plant pathology, and their contemporaries who had, 
were slnr-g«mg with the nature philosophers. Thus Count lie's 
work remained nearly half a century after is was published as a stand¬ 
ard writing in plant pathology. 5 

It required the p]i*gue of lho potato disease and the example of 
the Irish famine finally to focus attention upon lhe fundamental 
problem—the relation of lhe mildew to the sick potato plant, of the 
simit and rust fungi to the infected grain— the problem of parasitism. 
True, they had been phrasing the term parasite much as wa do, but so 
long os most held that the so-culled parasitic fungus originated through 
die transformation of the sap or the degeneration of the discard host 
tissues there could be no real progress in plant pathology whether 
scientific or practical. To De Rarys master mind we owe the clear 
cognition of the parasitic relations of fungus arid host plant,* mid 
from his demonstration of this we date further 
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But although Do Bary's wtirk has settled for all time that the 
parasite is an independent plant entering the host from without and 
feeding upon it to its destruction, we must not forget that the more 
fundamental problems of parasitism remain with us. In biology, the 
definition is always dangerous, and the more complete and finished 
the more the danger. Do Bary*s cUfisificatiau of all fungi as parasites 
and saprophytes, obligate and facultative, is so complete and satisfy¬ 
ing that it is const untiy mislead trig, De Bary thought as the mycolo¬ 
gist with attention focused upon the fungus. The first concern of the 
pathologist must ever bo with the host plant, and chiefly with the 
host plant under conditions of culture. He must constantly he alert 
to the fact that parasitism is not a fixed hut a fluctuating relation, 
dependent as to its occurrence and degree upon a complex of condi- 
tionSr and these involving the reactions of not one but two widely 
different organisms. Although the fact of parasitism was settled 
and the modern science of plant pathology securely based upon it p 
there has been no time since when pbytopathotcgbi* realised as 
clearly us today the importance of the problems yet to ho solved in 
this field. We have scarcely begun the study of the inhmat e relations 
of p&rnsito and boat, the conditions mid results of panudfiftm* 

III- THK LIFE-HISTORY PHOiJLKMS, 

The fact of parasitism accepted, the problem of the life-history of 
the parustto at once presented itself to these early students. KQhn'a 
work on grain infection by smut (135$) and De Bary s upon Lite life 
histories of the Peronosporales (ISSIS) with proof of heteroocisra of 
the rusts (l&G4-b5) set the price, in the retiring address of my 
predecessor, 11 we lammed how Farlow brought to tins country the 
coals which have kindled the fires of our best American research in 
mycological pathology* 

It should remain the first concern of plant pathologists that this 
work bo continued- Discoveries as to life histories of parasites are, 
in the lung run, of more practical importance as fundamental for 
disease control than demonstrations with spray mixtures. The hit- 
tor are usually transient contributions, the former permanent. It 
is, therefore p uf good promise Lhat the two life-history problems 
which first engaged De Bary's efforts, those of the grain rust and the 
potato fungus r are to-day held more open and are receiving more 
earnest attention than when Do Bary died* It Ls well that the prob¬ 
lem of the overwintering of the apple scab is no sooner settled by 
one investigator for one locality than it is opened by another, work¬ 
ing lit u different environment. Life-history problems have so many 
variations and complexities that they must ever remain with us r ami 
progress in their fuller solution will continue as one index to general 
progress in plant pathology. 
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It is fortunate that they are so well suited for thesis problems of 
graduate students, and we may hope that line traditions established 
m the laboratories of Farlow and Atkinson may bo perpetuated as 
well in other institutions. 

tV, TITE CULTURE F&OBLEMfl- 

While De Baiy in Germany was laying the foundation of myco- 
logical morphology, Pasteur in France was doing a correspondingly 
important work on the side of physiology p dealing with the funda¬ 
mentals of fermentation and nutrition. Following his initial efforts, 
the problem of the pore culture with yeasts and bacterid was promptly 
defined and solved. Bacteriology not only came quickly into exist* 
ence, but wu became the most exact science of the biological group, 
owing to the fact that in such pure cultures environmental conditions 
can be controlled to a degree unattainable with the lugliE?r organisms. 

BrefekTs success in culturing the smuts directed altention to this 
new method in studying the fungous parasites. Although the meth¬ 
ods were adapted from those of the bacteriologists \ heir uses with 
fungi are somwehat different. With these i« is imt only the gain 
from exact handling in differentiating mixed infections and inocu¬ 
lating from pure cultures, but abo in Completing life-history investi¬ 
gations. With the imperfect fungi and PyreJtuimycetBs the method 
k especially applicable and the recent work on Glomenelb by Shear * 1 * 
and Edgcrton 3 illustrates well its advantages. To tills method 
Phytophtkora in fetlQn$ bus at last yielded the clue to Us complete 
life history * although here as always the developments in the culture 
tube need to be checked by comparison w ith those in nature. 

For culturing the plant pathogens the value of the solid over 
liquid media and of vegetable over animal extracts becomes increas¬ 
ingly evident with experience. Thus the merits of Clinton’s eat ugar 
which gave such important results with Phytophthora have again 
been shown by the development upon this medium in our laboratory 
of pmthecia of the apple scab fungus in greater abundance and vigor 
than ever observed in nature.* It. should bo assumed that for all 
such fungi which develop part of their fruiting stages snprophytieally 
we may perfect culture media and methods w bich wiD net only stimu¬ 
late hut may imp rove on those of nature. 
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And oven the so-called obligate parosi tm dewtr« attention, for wo 
an; not restricted to ortifie:iai or dead medio in pure culture work. 
The living sterile tissues of the proper host may be secured for many 
par unites providing only the need is sufficient to Justify the pains¬ 
taking. This of course, m easy with many interior tissues of fleshy 
parte, while for various other plants lint seedlingH may be grown from 
sterile seeds. It would seem that the problem of whether or not 
Plamn&li&phorti hraesicae is the sole cause of club root of crucifers, or 
whether iis^udatbn is necesaaiy with bacterial or other organisms, as 
hm been suggested, 1 is a challenge to such increased skill in culture 
technique. 

Finally, there b culturing upon the living host. Although this 
was the earliest method in vogue, and has yielded sueligains es]>eeitdly 
in the hands of Arthur and others with rusts, yet the general applica¬ 
bility and importance of this practice in plant pathological investi¬ 
gations has not been fully realized. It is only thus that wo can learn 
with exactness of related varietal or specks susceptibility of hosts on 
Llie one hand and of the occurrence of biological forms junong para¬ 
sites on the other both tilings of paramount import ante in plant 
pathology, scientific and economic. Success in such work b condi¬ 
tioned upon uur ability to control mid interpret environmental condi¬ 
tions. When the superiority of the greenhouse for such studies b 
more fully realized, we shall here work out the mosE of our funda¬ 
mental problems, wiih the field plat as the place more important for 
verification than for invest igation. 

V. BACTERIA L\ RELATION TO PLANT UlSEASE, 

Hu’ problems of bacteria in red at ion to plant disease naturally 
followed the advent of the purtM-ulture method, White, from the 
American standpoint, this is the most important chapter in the 
development of modem plant pathology, it b at the same lime, to 
us r the most familiar. The universally iwknowledged world suprem¬ 
acy rests here, thanks to the high ideals and energetic—at times mili¬ 
tant—leudendup of him who two yearn ago was the honored president 
of this society. I may only outline certain things in order U> warn of 
drtiigerri or suggest other problems. 

Since the work of Burrill, over 40 years ago, no American worker has 
doubted the occurrence of bacterial diseases of plants. That Euro 
peons were skeptical for a time was the natural consequence of too 
great reliance upon tradition and too great respect for authority. 
And as we grow older in the work in America we must realize that the 
traditions will noon he ours and that the paralysing hand of authority 
will rest more heavily upon us. While in general we must follow its 
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lead. anti tho ''progressive fl who breaks from the ranks must do so 
at his peril, let us keep alive to the need of progressiveneas, utul be 
patient with the man who challenges a traditional idea. Of course, 
every American recognizes fire blight, of pear as the 14 classic * 1 ’ among 
bacterial diseases. Rut there may he blight which is not the bacterial 
fire blight. It is a wholesome 1 king, therefore, to have n challenge 
issued. It has been too easy, at least in horticultural circles of the 
west, to attribute all types of blighting of pear and apple trees to 
liadUus amylovonuf, One of the most reassuring things about the 
chestnut blight situation has been the fact that from the outset there 
have been those who must bo converted. I have for years been 
convinced that American pathologists have relied too implicitly on 
authority in attributing all potato scab to one organism. Xow that 
our so-called " Qofipara scabies" seems to bo of n bacterial nature 1 
and the powdery scab of Europe is threatening if not invading our 
territory, we may hope for a revival of first-hand investigations, 
And may wc not bo in danger of generalising too broadly with refer¬ 
ence to galls? The brilliimcy and thormigliness of the recent work 1 
upon crown gall will almost inevitably encourage this in spite of the 
guarded and conservative statements made by the authors themselves. 

The natural con3oi|uelice of (he general acceptance of the fact of 
bacterial diseases of plants, coupled with the lack of adequate training 
in bacteriological technique, led many in tho early days to attribute 
numerous diseases to bacteria upon incomplete evidence. Nor waa 
this confined to America. European literature, cttpccially the French, 
hsri many such, announcements. We need not criticise those too 
severely as to the past, It was natural and inevitable. But we are 
increasingly blameworthy if we continue either to publish carelessly 
or to accept the announcements of Others without critical review. 
With the appearance of Smith's monographic work on Bacteria in 
Relation to Plant Diseases, any American, at least, who describes a 
•'new” bactorial disease of plants upon inadequate data should realize 
that he is committing an offense against the American profession. 

This is not to imply that there are not plenty of bacterial diseases 
of plants yet to be discovered, nor to discourage the search for these. 
It is rather to emphasize that there are other problems better worth 
while than tho search for lJ new” diseases of minor economic impor¬ 
tance. The simplicity of tho bacteria in tlieic relations to host and 
in the way they lend themselves to culture anti infection stimulate 
the hope that through persistent intensive study of bacterial diseases 
we shall gain the clearer insight into those intimate relations of para¬ 
site and host which are fundamental to the science of plant, pathology. 
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VI.—'THE RELATIONS OF PARASITE TO HOST AND ENVIRONMENT, 

Although parasitology ill relation to pi tint pathology dates from 
hut little later than in animal pathology, find the relations involved 
would seem simpler than with the animal pnrHsitc, yet the fact remains 
that we fire far behind the animal pathologists in trndoralanding these 
relations. Some of the reasons for this are evident. The preeminent 
value of human life among the animals has foe used attention upon 
human pathology. Even where attention lias been given to the path¬ 
ology of the lower animals, the students have if» a rale approached 
the subject from the viewpoint of human pathology, and have been 
eager to apply to this any suggestions from comparative work on the 
lower forms. The result has been intensity and concentration of 
research upon the diseases of this one organism, man. 

Jn plant pathology the natural tendency has been exactly the oppo¬ 
site. From the beginning the phytopathologist has included in his 
range of interests fill the diseases of all plants known to him. The 
numbers of disease-inducing parasites is so enormous that it has con¬ 
sumed Ids professional energies simply to catalogue them. Concen¬ 
tration when attempted has been secured bv narrowing one’s interests 
within the parasitic group rather than witliin the host group, 

I believe that wo need to have, far more than heretofore, special¬ 
ization by hosts in our phytop&thdngical studies. Whether one is to 
probe deeper into problems of relations of environment to parasitism 
or into matters of predisposition ami variations, either with host ns to 
susceptibility or parasite ns to its biological forms, attention should 
be focused long and intensively upon the one host. Experience has 
convinced me that one can not understand the diseases of h cultivated 
plant like the potato, fur example, except as he understands them in 
relation not only to the normal physiology and morphology of the 
plant, but in relation to its history and its variations under Culture. 
Progress requires that we have specialists on types of host plant us 
well as of parasite. 

And puasing to the cellular relations of host and parasite, how 
little we know* f The very simplicity of tho plant's organization 
makes the pathological reactions harder to investigate than with the 
animal. In the plant the unit in the more fundamental pathological 
relations is not the organism but the cell, an object so minute as to 
make the study of the chemical interrelations highly difficult. We 
recognize the cell membrane as the first harrier to be overcome by the 
invader and we believe the cytolytic enzyme the first weapon in the 
attack. Yet, save with certain soft rot diseases, we know little that 
is definite about these enzymes in their action, We see evidence of 
other disturbing effects of parasite upon host cells, even in advance 
of actual invasion. Sometimes these arc inhibitory or fatal, some- 
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times stimula ting. Bn t we have sc nicely sufficient basis for a sugges¬ 
tion as to the nature of the agents involved. Such problems call for 
the combined skill of pathologist, physiologist, cytohgfet, and 
chemist. 

The variation in the occurrence of disease with environment is one 
of the commonest observations and a thing of the greatest practical 
moment. Vet how little progress WO have made in understanding 
the factors. Climate and soil both are composites of many variables, 
which in turn may react on either host or parasite. Why is it that 
Rhizocionia diseases and Blattrollkrankheit of the potato claim so 
much attention in certain sections of the United States while in 
others pathologists are skeptical as to their existence! Why U it that 
the bacterial black leg of the potato develops so much worse in the 
South than in the North ? Why is it that with tie melon the Fusarium 
wilt is the scourge of the one section and the bacterial wilt of another! 
Why is it that the yellows disease of cabbage exterminates the crop 
under certain conditions and is of minor importance under otherst 

It would seem that here are problems to challenge the attention 
of every pathologist. Yet if one turns to them he is balked at the 
outset. We have inadequate data as yet regarding the occurrence 
and distribution of even the commonest economic diseases in the 
United States. Let. us unite in urging that in the reorganization of 
the work now in progress in the Bureau of Plant Industry the entire 
attention of at least one expert pathologist be given to collecting and 
analyzing such data, while all local pathologists pledge the under¬ 
taking continued support and cooperation. Coordinate with this, 
the local student of the special disease may make painstaking studies 
in field, greenhouse, and culture chamber, and in time delimit the 
effects of moisture, temperature, soil reaction, and like factors upon 
each parasite and host. 

The evidence is accumulating that the variations in relations 
between parasite ami host which give us specialized races of parasites 
on one hand, and on the other, gradations in disease resistance of 
host are of the greatest importance, whether scientific or practical. 
But we con as yet record little that helps us adequately to define the 
factors in the problems, much less to solve them. 

As suggested before, these problems are at bottom physiological 
and of the most complex kind. The pathology of the past has been 
the work of the mycologist and the bacteriologist. That of the 
future must be increasingly dependent upon the physiologist; fur what 
is pathology at bottom but abnormal physiology ? Realizing how 
slow is progress upon the really fundamental problems in normal 
physiology and what dearth there b of workers adequately trained to 
grapple with them, we must be patient with ourselves, cud beg the 
patience of others, when dealing thus with the abno rmal Perhaps 
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our greatest hopes Up in the assurance that from now on increasing 
at Tuition must ami will be given to the training in physiology of 
those who nro coming into the profession of plant pathology. 

VII.—THE NON PARASITIC DISEASE, 

If the early workers in plant pathology erred in failing to recognize 
the importance of parasites* * as causal agents, the recent ones have 
gone to the other extreme* 

The mycologist and the bacteriologist naturally bring to our 
attention even the minor parasitic, maladies; the physiologist has ay 
yet rarely come to our aid. It U only as one undertakes the eompre- 
headvr study of the maladies of u particular host that he realizes how- 
few of the imnpurasitic diseases have been listed. 

Perhaps the peach, the tobacco, and the potato are the only plants 
where the energies have been duly distributed between the investi¬ 
gations of parasitic and uonparasitic diseases. If anyone doubts 
that in these uonparasitic maladies wo arc dealing with specific 
diseases having dearly defined symptoms wind) Follow a regular 
course, let him grow China as ten; for a series of years in his garden 
and trace the course of aster yellows* 1 lion.” we have a malady as 
clearly characterized as a fungous rust or wilt disrase; unknown, I 
believe, in Eurpoc, hut widespread in America, variable with season 
and locality, yet its etiology and pathology ore entirely problematical. 

But these are not problems to be undertaken lightly, Considering 
their inherent difficulties, we may he thankful that such critical and 
persistent work has been given to certain types already, notably to 
peach yellow's by Smith and to the mosaic disease of tobacco by 
Slaver, Bcijorinck, Woods, and other*. It is encouraging to sec that 
earnest attention is lining given to certain apple maladies in different 
sections, especially the so-called ''brown spot" or 1 'bitter pit" in 
South Africa and Australia,* 

Our encouragement will be greater, however, when we see the clear 
recognition of the fact that training in parasitology has only indirect 
value when it comes to such problems. The most evident need if we 
are to advance in the fundamentals of our research in this field of 
plant pathology' is the reinforcement of our ranks with young men 
equipped with a high degree of special training in plant physiology 
grounded in organic chemistry, and ready to dedicate their services 
long and patiently to these physiological researches, 

VIII. THE PROBLEMS OF DISEASE CONTROL. 

Now, you nro expecting the statistics showing how many millions 
America is adding to her income by modern methods in disease con- 
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trol; blit you hare heard them often, so I timi not repeat them; anil 
they have much of truth in thorn. The Yankee is practical, and the 
Yankee mind dominates everywhere in America. Instead of boasting, 
wo rather owe ourselves this explanation—sdioU we say apology!— 
when we point to the relative proportion of the space in American 
plant pathological publications given to die consideration of the spray 
pump and the disinfecting solution. How could it be otherwise 1 
The million^ spent by patent medicine advertisers have implanted 
firmly in the American mind the idea that each animal disease is a 
specific thing and for it there exists a specific remedy. It was, there¬ 
fore, most lucky diat when the professional l£ plant doctor"' was 
introduced to the American rural constituency by the State experi¬ 
ment stations and National Department of Agriculture ho could stop 
forward with Bordeaux mixture in one hand and formaldehyde in the 
other, two specifics which could at once be used and misused in a tuoat 
amazing variety of cases without serious danger of loss of life or 
reputation. And just as these were becoming somewhat common- 
place* limMulphur was brought to our aid and with it the added enter¬ 
prise of the American commercial advertiser. 

Please do not misunderstand me. I recognize clearly that tho 
highest duty in plant pathology is service, and that the chief aim in 
that service is to lessen loss from plant diseases. The only question 
is t How can we best serve to this endl 

Perhaps as conditions have been, wo could not at the outset have 
done much hotter, ft was necessary first to educate the public as to 
the amount of their loss from plant diseases, us to the general nature 
of the parasites, and as to the groat gains from tho use of fungicides, 
[n order to do this, the pathologist must familiarize himself with. 
these things by repeated observations and triak and must contribute 
in turn to the education erf tho horticultural, the agronomist, and the 
agricultural press. This has taken time—in many cases nearly all of 
hia time; but we may have satisfaction in the idea that it has been 
well done. No other country has had like service and in no other 
country has tho agricultural public followed the teachings so fully. 

It k important, however, for us to remember that this is the pjoneet 
service, necessary and best at the outset; hut that, as fasL os con¬ 
ditions permit, wo must t>e moving on to tho attack on the mom 
fund onion ud problems, to tho performance of the more enduring 
service, The fundamental idea in plant disease control is prevention. 
It is surprising, if one goes over the list, how many diseases can not ba 
prevented by tho use of fungicides. For the great classes of bacterial 
disease, rusts, mud sod fungi, we must look to other measures. Tho 
throe fundamental ideas which here deserve increased attention are 
sanitation, exclusion p disease resistance. 
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Spraying and seed treatments wt- oiJtf one part of sanitation in 
any case and have no part in many eases. Full data as to the Mo 
histories and modes of dissemination of causal organisms are more 
important fiiodamontab for improved sanitation than are further 
demonstrations with fungicides. The importance of fertilization, 
cultivation* * and crop rotation in relation to sanitation, together with 
the destruction of diseased plant tissues and the checking of the 
carriers of disease germs, deserve more critical attention than they 
have received from plant pathologists as well as plant cultivators. 
While America has for some time been tho most advanced nation 
in controlling diseases by spraying* she has been one of the slowest 
to undertake plant disease exclusion * The plant quarantine act 
secured last year by the combined efforts of phytopathologists and 
entomologists marks, therefore f a most important forward step. The 
recent hearings relative to the potato disease quarantine* under this 
act* have served not only to emphasize its importance, both com¬ 
mercially and educationally, Uni also to point out important new 
duties for plant pathologists. In order wisely to administer such 
quarantine measures, there must be international cooperation among 
phytopathologisIs in determining die occurrence and seriousness of 
plant diseases. But while wo arc thus beginning to guard our borders 
against potato wart anti other dangerous foreign disc ostia, what arc wo 
doing within our own territory? For example we know that there is 
an alfalfa disease ( Ur&phhfrti s similar to the black wart of 

potato in its nature anil destructive possibilities, as yet apparently 
limited in its distribution to a few western alfalfa-growing sections/ 
No official steps have as yet been taken, so far as I know* to make 
exact determinations of its present distribut ion or to guard against its 
being carried to other places on seed. This would seem to be a 
National rather than a State function and the National plant disease 
survey already referred to would gram to be the logical first step. 
In tills connection the plan outlined by Orton for official Inspection 
and certification as to health of seed ]>otatoes is highly significant. 3 
I believe it must commend itself for adoption with various other crops 
as well. Thera is no other place mure important for guarding the 
healih of crops than at the source of seed. 

And finally, there h the question of disease resistance mul im¬ 
munity. Of course, the idea is not new; observations upon the 
relative liability of varieties to disease come to us from early times. 
But the dearer conception of the possibiliriea in this resjieet of plant 
improvement through breeding is recent. The relative success of the 
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Genmm and Scotch breeders m securing disease resisting potatoes 
is fully rccogmzed, 1 The work started by Word at Cambridge has 
Faked our hopes relative to the possibilities of placing the studies of 
disease resistance on a scientific basis. The most stimulating results 
in America have dealt with resistance to soil fungi including Orton's 
work on cowpea, cotton and watermelon in the South, and Boiler’s 
work on flax in Dakota. Such results as these and Norton's on 
asparagus rust resistance are to be regarded, not ns final > but as merely 
suggestive of what I believe to be the most important future line of 
work in the control of plant disease, the breeding and selection of 
plants for local adaptation and disease resistance. If this is true 
tlie.ii the fundamental problem deserving most serious consideration 
is, What constitutes disease-re* is Unco 1 The difficulty of even 
defining the factors involved should not deter us from urging its 
imjsommee uud encouraging work upon it ah mg nil jKu&ibte lines of 
attack. 

ix— conclusion. 

In conclusion let us emphasize ihut. if progress hi plant pathology 
is to continue as rapidly us we hope, those who jure responsible for its 
direction should realize the limitations of the individual workman, 
end the necessity for division of the labors involved* 

The demand to-day upop the American phytoputhoiogist is almost 
equally urgent for four types of service -(1) college teaching, (2) 
extension teaching, <3) inspection, £-1) research. In how far are these 
compati ble I 

The ideal college teacher must be an hivratigiitor, but until we 
have passed the present stage of rapid growt h in our Stale colleges, 
nothing rompnrable to the proper proportions in the division of Ida 
energies between these fields is practice Mo. The dm ire of public 
adviser or extension service in plant pathology muy not be wholly 
incompatible with college teaching or station research, although at 
times seriously distracting, 1 am, however, convince that in such 
matters the professional plant pathologist may in general w%dy 
delegate the responsibility to act us spokesman to his associates in 
horticulture and agronomy. The nature of a disease and its mode 
of control once settled, the application of control measures becomes 
simply one factor in the complex of cultural operations for the execu¬ 
tion of which the above departments become responsible* 

Plant disease surveys, inspection and quarantine service belong 
in still another class iuid deserve the attention of experts in pkut 
pathology* But back of id] these must stand the investigator with 
time and faculties kepi free for hb fundamental work; for research 
is the most exacting of all taskmasters, While no one realizes more 
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keenly than I dri the present impracticability, in gencFui t of restricting 
our responsibilities along my such clean cut lines, nevertheless 1 am 
convinced that it is only m we dearly define these ideals and approach 
more nearly their realization that we are to secure the best results. 
It is encouii^mg, therefore, that these responsibilities are being 
divided in an increasing number of State institutions and that the 
proposed reorganization in the United States Department nf Agri¬ 
culture follows similar lines, differentiating research at least from the 
other fields work. 

If in this overlong discussion I have taxed your patience by empha¬ 
sising more the problems than the progress in plant pathology, it has 
been with a iwo-fold purpose. On the one hand, I have hoped thus 
to win your continued charity toward the plant pathologist, in view 
i f the complexity nf the problems which he must meet, administrate 
Lively a> well .:s scicjiiifically. On the other, I have wished to urge 
yi m cm cooperation along the twu lines; first,, in training you tig 

moil h r the profession—1 bo best training our boianieiil institutions 
can give, with increasing attention to physiology; and second, in 
sharing, in the future as in the past, in the responsibility for focusing 
attention upon the fundamental problems and itaring standards by 
winch rightly to meiuuits progress toward their solution. 




FLANT-AVTOGEAFnS AND THEIR REVELATIONS. 3 


By Prof, Jaoaekes Chunpkh Bobe, M- D. Sc-., C. $. I., C. I. E,* 

Prttidet\jry College, Calcutta. 


There am proffers of fences bordering on the mystical, who 
declare that they con discriminate the character and disposition of 
anyone, simply by a careful observation of his handwriting. As to 
the authenticity of such claims scepticism ia permissible; but there b 
no doubt that one J fl handwriting may bo mddified profoundly by con¬ 
ditions, physical and mental. There still exist at Hatfield House, 
documents which contain the signatures of no less n person than the 
historical Guy Fawkes of Gunpowder Plot celebrity h And thot±e 
who have seen them declare that there is a sinister variation in these 
sigimlures. The crabbed and distorted characters of the last words 
Guy Fawkes wrote on earth- as in the dark hours of the morning 
on which he was executed he set his hand to the written confession of 
his crime -tell their own t ile of what had transpired in the solitary 
imprison men < of that fateful night. 

Such, then, is the history that may he unfolded to the critical eye 
by the Ikies and curves of a human autograph. Under a placid 
ffiteriur, there i* a bn a hidden history in the life of the plant. Storm 
and sunshine, warmth of summer and frost of winter, drought and 
rain, all these and mnn 3 ' more come and go about the plant. What 
coercion do they exercise upon it? What subtle impress do they 
leave behind? Is it possible to make the plants write down I heir 
own autographs, and thus reveal their hidden history * Were tills 
possible, the fact would be fraught with far-reaching consequences* 

For about the life reactions of plants, there are contending and 
irreconcilable hypotheses. Does the plain, like the animal, give an 
answering twitch U > a n external shock 1 U there any possible relation 
between plant life and our own I Dn these points very little is 
definitely known., For numerous are the experimental difficulties 
which confront and boffie the investigator. 

One school of thinkers* by far the most numerous, would have ua 
believe that some of the most characteristic reactions in the animal 
are not to be found in the plant; for example, it is urged that, unlike 
tho animal, Lhe majority of plants are insensitive to a blow, exhibiting 

l RctriBbstl t*j pcnBlaakn tram mpy pablutied bjrliir Ituffti IwHttfUan t»T Orw-t Uni am. 

Leflum lit l bo W>cfc|y r *vniit^ iktiLmg, Friday. Siaj? 'ft-. 1&HL 


421 





422 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1014- 


DO shuddering twitch, either mechanical or electrical; and that even 
in the sensitive Mimosa, an irritation does not cause an excitatory 
impulse, but a mere hydraulic disturbance. The pendulum thou 
swings from these hasty assumptions to the din metrically opposit e 
extreme- Under these circumstances the dear path is that which 
leads us away from theory and disputations to find the thread of fact. 
We must, therefore, abandon ail our preconcept it uis p and put our 
quest inns direct, insisting that llio only evidence which can he 
accepted is that which bears the plants own signature. 

How tire we to know what unseen changes take place within the 
plant? II it be excited or depressed under some special circum¬ 
stance, how are we, on the outside, to be made aware of it ? The 
only conceivable way would be, if that worn possible, to detert and 
measure the actual response of the organism to a definite Keating 
blow* When on animal receives an external shock, it may answer 
in various, ways; if it has voice, by a cry; if it is dumb, by the 
movement of its limbs* The external shock is the stimulus; the 
answer of the organism is the response* tf wo can find out in ihe 
plant the relation between the stimulus and response we shall be 
able to determine its state of vitality at tiie moment- In an excit¬ 
able condition, the feeblest stimulus will evoke an extraordinarily 
large response; in a depressed slate even u strong stimulus evokes 
only ik feeble response; and lastly, when death Iowa overcome life, 
there is an abrupt end of the power to answer at all. 

We might, therefore, have detected the internal condition of the 
plant, if we could have made it write down its responses. In order 
to succeed in this, wo have, first, to discover some compulsive force 
which will make the plant give an answering signal; secondly p we 
have to supply the wherewithal for an automatic conversion of these 
signals into an intelligent script; and, last of all, wo have ottmivea 
to learn the nature of the hieroglyphic. 

RESPONSE OF PLANT AND ANIMAL. 

In answering the question whether there is a fundamental unity 
in the response of plant and animal, we have first to find out whether 
sensitiveness is characteristic of only a few plants or whether all 
plants and every organ of every plant b sensitive. Then we have to 
devise apparatus by which visible or invisible reactions an? detected 
and recorded. Having succeeded in this, we have next to survey 
the charae tens lie reactions in the animal, 'and find out whether 
phenomena corresponding to these may also bo discovered in the 
plant. 

Thus, when an animal b struck by a blow', it does not respond at 
once- A certain short interval elapses between the mcadence of the 
blow and Lhe beginning of the reply. This lost time is known as 
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the latent period. In the plant is there any definite period which 
ellipses between the incident blow and the responsive twitch 1 Does 
this Intent period undergo any variation ns in the animal, with 
external conditions? Is it possible to make the pi nut itself write 

dow'n this excessively minute time interval ? 

Xext, is the plant excited by various irritants which ako csdte 
the animat t If bo, at what rate docs the excitatory impulse travel 
in the plant? Under what favorable circumstances is this rate of 
transmission enhanced, and under what other circumstances is it 
retarded or arrested 1 Is it possible to make the plant itself record 
this rate and its variation ? Is them any resemblance Iwslween the 
nervous impulse in the uni nod and the excitatory impulse in the 
plant t 

Tlie characteristic effects of various drugs arc well known in the 
case of the animal. Is the plant similarly susceptible to their action ? 
Will the effect of poison change with the dose? Is it possible to 
counteract the effect of one poison by means of another? 

Iu the animal there are certain automatically pulsating tissues 
like the heart. Arc there any such spontaneously beating tissues ifi 
the plant 1 If bo, are the pulsations in the animal and the plant 
affected bv external conditions in a similar manner ? What is the 
real meaning of spontaneity ? 

Growth furnishe* us with another example of automatism. The 
rate of growth in a plant is far hclow anything wa can directly per¬ 
ceive, How. then, is this growth to be magnified so m* to be rendered 
instantly mrasureable i What arc the variations in this infinitesimal 
growth under external stimulus of light and shock of electric current ? 
What changes are induced by giving nr withholding fond? What 
are the conditions which stimulate or retard growth ? 

And, lastly, when by lho blow of death life itself is finally extin¬ 
guished, will it be possible to detect the critical moment f And does 
the plant then exert itself to make one overwhelming reply, after 
which response ceases altogether? 

PLANT SCRIPT, 

We shall first take up the question of recording response of a plant 
like Mimosa, Ilorc, at the joint nf the leaf, there is a cushion-like 
mass of tissue known as the pulvinus. Tills serves as the motile 
apparatus. The awollen mass on the lower side is very conspicuous. 
Under excitation, the parenchyma in this more effective lower half 
undergoes contraction, in consequence of which there is a fall of the 
leaf. This sudden movement constitutes the mechanical resfioxise of 
the loaf to die impinging stimulus, just as the contractile movement 
of a muscle in similar circumstances forms its characteristic mechanical 
response. For obtaining a record, the leaf of Mimosa is attached to 
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on# arm of a lever, V; the other b loaded with a small weight* which 
acts us a counterpoise. A long wire, W P bent at the tip, is placed at 
right angles to the lever* and serves as a writer. The tip of this 
writer touches a smoked-glass plate, which k allowed by meam* of a 
clockwork to fall at a definite rate. (Fig. 1,1 An jnst&ntimcous 
electric shock k applied on the leaf stalk at A. The excitation mil, 

after a time, be prop¬ 
agated from A to the 
responding pulvintis 
at B, in during the 
responsive fall of the 
1 oaf. After a definite 
period the leaf recov¬ 
ers from excitations 

and k recreated, A 
complete curv^ , _ 
response is thus ob¬ 
tained in which the 
ordinate a b repre¬ 
sents the intamity of 
excitation, and the 
abscissa a c the period 
of complete recovery . 

(Fig. 2.) Any condi¬ 
tion which increases 
excitability will also 
enhance the ampli¬ 
tude of response. 
Depression, u n t h e 
other bund, k at¬ 
tended by a diminu¬ 
tion nf a + 

death 
altogether 

Thus, by means of 
testing blo^, we are 
able to make the 
plant itself reveal 
those invisible internal changes which would otherwise have entirely 
escaped tie. 

The above is a description of the theoretical method of obtaining 
iwr 1 ™ plant. In practice numerous difficulties have to be 

overcome. In the case of nmsde-con trac t ion, the pull exert ed 
is considerable and the friction offered by the recording surface 
constitutes no essential difficulty. In 1 be case of plants, however, the 
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pull rxi-rtei! by the motile organ is relatively feeble, an cl in the 
movement uf the very small leaflets of Detmodbum gijratis ur the 
telegraph plant, for imitative, a weight so small as four-hundredths 
of a gram is enough to arrest, the pulsation of the leaflets. Even 
in the leaf of Mimosa the friction offered is enough to introduce 
serious errors into the amplitude and time relations of the curve. 
This error could not be removed as long as the writer remained in 
continuous contact with the writing surface, 1 was, however, able 
to overcome this difficulty by making an intermittent, instead of a 
continuous, contact. The possibility of this lay in rendering the 
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writer tremulous. Fresh difficulties arose which wore finally elimi¬ 
nated by an invention depending on the phenomenon uf resonance* 

THE RESONANT RECORDER. 

The principle of my resonant recorder depends on a certain phe¬ 
nomenon, known its resonance or sympathetic vibration, in illu^ 
tration of this wo may construct an artificial ear tuned to a definite 
note. Hie drum uf the artificial ear is made of thin soap film; a 
beam of light reflected from its surface forms characteristic pattern 
of color on the screen. To various cries this car remains deaf, but 
the apathy disappears as soon as tins note to which the ear is tuned 
is Bounded at a distance. On account of sympathetic vibration 
the artificial ear film is thrown into wildest commotion, and the 
hitherto quiescent color pattern on the screen is now converted into a 
whirlpool of indescribably gorgeous color of peacock green and 
molten gold. 
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In the game manner, if the strings of two violins are exactly tuned, 
then a note sounded on one will cause the other to vibrate in sym¬ 
pathy. We may likewise tune the vibrating writer V with a reed C. 
(Fig, 3.) Suppose the reed and the writer are both timed to vibrate 
a hundred times per second. When the reed is sounded the writer 
wiU aha begin to vibrato in sympathy* In consequence of this 
the writer will no longer remain in continuous contact with the 
recording plate* but will deliver a succession of taps a hundred times 




in a second. The record will therefore consist of series of dots, the 
s , distance between 

one dot and the 
next representing 
one-hundredth part 
of a second. With 
other recorders it is 
possible to measure 
still shorter inter¬ 
vals. It will now 
be understood how, 
by the device of the 
resonant recorder, 
wo not only get 
rid of the error 
due to friction! but 
make the record it¬ 
self measure time as 
short as may be de¬ 
sired . Tim extraor- 
<Imary delicacy of 
this instrument will 
be understood when 

by 

possible 

a time-interval as 
short as the thou¬ 
sandth part of the duration of a single boat of the heart. The com¬ 
plete apparatus for obtaining plant record is shown in figure 4, 
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COMPARISON BETWEEN SENSITIVENESS OF MAS" AND PLANT. 


We have next to find some method uf stimulation which will 
not cause any mechanical disturbance to the plant. In connection 
with this I made an important discovery which demonstrates the 
identical characteristics of excitation in plant anti animal. In the 
animal tissue a constant electric current causes very characteristic 
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excitation at tho moment of “make 1 ' or “break' 1 of the current. 
In, nutet cases there is no excitation during; the continuation of the 
,, u mm t. At the 1 ‘ make"’ oxc i tatjon takes place only a t the cathode: 
at Lhe “break” of the current, however, excitation is induced once 
more, but this time at the anode, Those characteristic, effects I find 
repeated also in the plant. At tins point it is interesting to institute 
a comparison between the sensitiveness of a plant and a human 
Ijeliig. Tho most sensitive organ by which an electric current can bn 


detected is <mr tongue. An average European, according to L&ser- 
stoiejj can perceive by bid tongue a current as feeble its G.4 micro¬ 
amperes—a microampere being ono-milKonth part of tho unit of 
current . This value might be subject to certain variation, depending 
on racial characteristics. One might expect, that tho tongue of the 
Celt would be far more excitable than that of the stolid Anglo-Saxon, 
lu any case the superiority of man has to be established on foundations 
mote secure titan sensibility; for the plant Biophytum, 1 find, is 
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eight times mot© sensitive to mi alBctrioftl ctirreni tltitn a In mum 
being. With regard to the stimulus of jnduefcion shuck, Mimosa 
is tea times as sensitive. As with the animal so also with the plant, 
the effect of stimulus is additive; that is to say, effective stimulation 
is determined nut only by the intensity, but also by the duration 
of application. In fact, I have been able to establish in plants a 
strictly quantitative relation as regards the additive effect of uub- 
minim&t stimulus, which is, that the effective excitation is equtd to 
individual intensity of stimulus multiplied by the number of repeti¬ 
tions. In order that suectssive stimulatiuns may be uniform, we 
have to assure ouredvea that the duration of the tetaniwng shock 
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is maintained absolutely constant. This I am able to secure by 
means of the special device of automatic stimulator. The results 
of experiments to be presently described appealed so astonishing 
that for many reasons it became highly desirable in remove com¬ 
pletely fcdl elements of personal equation. In fulfilment of this, I 
spent several years in perfecting various instruments by which 
the plant attached to the recording apparatus is automatically 
excited by successive stimuli which are absolutely constant. In 
answer to this it makes its own responsive records, got-* through its 
period of recovery, and embarks on the same cycle over again, 
without assistance at any point from the observer, (Fig* 5,) J u 
this way the effect of changed external condition h seen recorded 
hi the script made by tins plant itself. 
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THE SLEEP Or PLANTS. 

In studying the effect of a given cliange in the extern si condition 
an assumption has to ho made that during the time of experiment, 
there lias been no spontaneous variation of excitability. Is the plant 
equally excitable throughout day and night? if not, is there any 
particular period at which the excitability remains uniform? Is 
there again a different time during which the plant loses its sonsi- 
btliLy—going, as it were, to sleep? On these points no definite 
information lias been available. The fanciful name of sleep is often 
given to the closure of leaflets of certain plants during darkness. 
Those movements are brought about by variation of turgor, and 
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have nothing whatever to do with tree deep; for similar closure of 
leaflets takes place under the |precisely opposite condition of strong 
light. 

In order to find out whether Mimosa exhibits diurnal variations 
of sensibility I made it record its answer to uniform questioning 
shocks, repeated every hour of the day and night. Thu amplitude of 
the answering twitch gave a measure of tho “wakefulness” of the 
plant during 21 hours. The results obtained were quite unexpected. 
Tire plant b found to keep up very lute, and fall asleep only at the 
early hours of the morning. It makes up for its late hours by grad¬ 
ually waking up by noon. (Fig. d.) It then remains in a condition 
of uniform sensibility ail the afternoon. Tina period of uniformity 
is chosen for investigations on the effect of changed external condi¬ 
tions on excitability. 

EFFECT OF LIGHT ANJ> TEMPERATURE. 

Does tho plant feel the depressing effect, of darkness? The fol¬ 
lowing record shows tho effect of a passing cloud. (Fig- 7 -) ^ 13 




430 


ANNtAL report smith bo yiAK 1FSTTTTT10S, 19U. 


the sudden cluiugft which exerts « marked dcpresfflng eflet'U The 
nlfttit nurtiallv regain* its sensibility when uccusturner! to darkness. 
When brought suddenly from, darkness to light there is nlsu u trummt 

depression followed by enhanced ext-itability. . 

Temperature has also a marked effect on excitability. 1 1> ™ « 
critical point warmth increases excitability, the recovery being also 
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hastened, fVtfdiug PTOvanwW ilepnawes f-jccUabiUky, Xho ujutdo 
excitability is abolished at about 3fl° C. 

EFFECT OF AlBj FlX)U, AND DRUGS, 

"flif 1 plant b iutcnady «u»e«ptibln lo the impurities present in the 
ft ir The vitiated air of the town 1 ms a very depressing effect. 
\coorxiiug to popular a donee, what death to the animal b supposed 
to be Bf© for the plant; for does it not flourish in Q 10 deadly 
attnospNt 1 - carbonic odd gusl Tim record (fig. Sj shows that, 
instead of flourishing, thn plant goto suffocated just like a human 
being. Note the gmtp of relief when fresh air is iutrudticed. Only 
In the prc-eEire nf sunlight is the dFcri modified by phatasynthesis. 
In contrast to the effect of carbonic field, ozone renders titc* plant 
Itighlv excitable. Sulphuretted hydrogen, even in small quantities. 
Ls fatal to the plant. Chloroform acts as a strong narcotic, inducing 
a rapid abolition of excitability. The ludicrously unsteady gull nf 
the response of plant under alcohol (fig. D) could ho effectively 
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exploited in a temjMsmncc lecture. The next record is in the nature 
of an anticlimax, where the plant has drunk {pure water) not wisely 
but too well Tire gorged plant & seen to have lost all power of 


Fig. i— Effect carbonic gsi. 


Effect ol T^pat 4Jff afcofcLiil 


movement. I was, however, able to restore the planr to normal 
condition by extracting tin? exress of liquid by application of glycerin. 

(Fig. 10.) 

[T\lY KRK Al SENSITIVENESS OF PLlXTS. 


It mivy l>e urged that the various reactions of irritability may 
hold good only in the ease of the particular plant Mimosa, and that 
tho majority of plants are quite insensitive. I shall presently show 
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that this view is quite erroneous. In Mimosa diffuse stimulation 
causes relatively greater contraction of Ike more excitable lower half 
of the pulviniisj and this differential action is magnified by the long 
petiohr index. Had the upper half of the pulvinus been equally 
excitable as the lower, then the antagonistic reactions would have 
balanced each otlier. In radial organs we do not observe any lateral 
movement as in Mimosa, This is not owing to mseasitlvencss, but to 
equal contractions on all sides balancing each other. The shortening 
of length of various radial organs like soft stern, Lendril, pistil, and 
stamen, can easily be shown by means of magnifying levers. Again, 
if we take a hollow tubular organ of some ordinary plant, say the 

peduncle of daffodil, it is 
clear that the protected inner 
aide of the tuba must bo the 
more esci table. When this 
is cut in the form of a spiral 
strip and excited by means 
of an electric shuck. we ob¬ 
serve a responsive movement 
by curling, brought about by 
greater contraction of the 
inside of the strip. If again 
we take a tendril which lias 
curled round a support, the 
outside Is freehand free from 
irritation and therefore more 
excitable. In this cose the 
response is by uncurling, duo 
to greater contraction of the more excitable outer side of the spiral 
In the case of woody plants, responsive movement is prevented by 
the rigid support. Even in such a case I have been able Us demon¬ 
strate! its excitation by means of electric response, first exhibited at 
this very hall 13 years ago.' No plant could appear more stolid anil 
irresponsive than the common radish; appearances an!, however, 
deceptive, and we find it giving a series of vigorous responses in answer 
to successive stimuli. Thu electric response comes to an end with 
die death of the plant. 

latent pebjoo ok plant, 

I next take up the very difficult problem of finding qut how long 
it takra for tho plant to perceive and respond to a blow. In attempts 
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Ing to raukfl tfiu-h (noasiiremouto the results are vitiated by our 
jHJisanjil limitations. The rouflitiotis of the experiment demand 
lioetirato measurements of timo-iatoirals shorter than a hundredth 
part of a second; but sluggislmess of our perception makes such a n 
attempt AH impossibility. It is therefore absolutely necessary to 
invent a special device by which tho plant itself should bo compelled 
t 0 write down ltd own latent period. In the ease of the log muscle 
of n frog the latent period, according to Helmholtz, b about n 
hundredth part of a second. This result is nut without sums error, 
oil account of the inertia of the recording hivcr, and the inferring of 
time relations from n neighboring; e! monographic record. In my 
resonant recorder these errors have been reduced to a minimum. 
In the lu-si place, the curve of response or phytogram is at tho same 
time a chronogram. Secondly, the weight of my plain, recorder is 
only IL hundredth part of the usual muscle recorder. The latent 
periid of tlio animal tissue undergoes appropriate variation with 
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pal *L Tfeo tbnHnt«fn3 bet»«Sl In hoe 0,«16 we. 

changing extcrmd conditions- With fwblo stimulus it has el definite 
Talue; this becomes shortened mid or n stronger blow, Again, when, 
we are tired our perception time becomes prolonged. Eveiy on© of 
theso result is equally applicable in the caHfl of tho plant. Tbs 
delicacy of the resonant recorder will be imderstotrfl from tho response 
curve pxliibiting tho latent [^riod of (fig- \ l). Ilw* deter¬ 

mination is carried to a thousandth part of a second, tho value being 
0*G7G seconds, or eight times its value in an energetic frog. The 
reliability of this method can be gauged from successive records under 
uniform conditions, when the results are found to be identical. 
Another curious thing is that a slouLish plant will give its response 
in a slow and lordly fashion, whereas a thin one attains the acme of 
its excitement in an incredibly abort time. Perhaps some of mb can 
tell from our own experience whether similar differences obtain 
among human kind. The perception time of tho plant becomes 
73m p —mm ifcu — -&a 



43-4 AiiNtUL ItKPOHT SMITESO^nA 1 ' INssIlU MUS t lW-L 

vvrr sluggish uud w fatigue ; when excessively tired it temporarily 
loses its power of perception. In this condition tire plaut requires at 
least half ail hour’s absolute rest to regain its equanimity. 


EICtTATOKV IMPL’UK IS MIMOSA. 


We next take up the question of the function of tr ansut tuaton of 
excitation. It baa Mtherto been supposed that in Mimosa thu im- 
pidw? caused by irritation is merely bydrumechawcid and quite dif- 
fenurt from the nervous impulse in the animal, According to tins 
hydromrehamcol theory, the turgid plant tissue is imagined to bo Like 
india-rubber tube filled with water. The appliestioti of mechanical 
stimulus is supposed to squeeze the tissue, in consequence of which 
ihe water forced out delivers a mechanical blow to the contractile 
of « ruU 0 f the plant. The propagation of meehimicol disturbance is 
thus occasioned bv the bodily transfer af fluid material in a pipe. 
Ill strung contrast to this is the transmission of nervous impulse, 
which phenomenon of passage of protupUuroir disturbance from 
- n i to point- The molecular disturbance, constituting excilation, 
p^aeoa along the conducting nerve, and this point-to-point propagu- 
Lion of molecular upset is known as I he transmission of excitatory or 
nervous impulse. If by any means the physiological activity of jl 
portion «>l the nerve be enhanced, then excitation will pass through 
the particular portion with quickened speed. Such favorable condi¬ 
tion is brought about by the application of moderate warmth. If a 
portion of nerve, on the other band, he rendered physiologically slug- 
oish. then the speed of nervous impulse through that portion will 1 tv 
dowed down, There are certain agents which paralyze the nerve 
(or the t ime being, causing a temporary arrest of the nervous impulse, 
Ifuch agents an? known ns anesthetics. There may, again, be poison- 
mis drugs which destroy the conducting power. Under the action of 
sui'h poisonous agents the nervous conduction is permanently abol¬ 


ished. .... , 

M'e are now in a position to distinguish between mechautenl and 

nervous transmission. The mechanical conduction of water through 
a pipe will ill no way be affected by warmth or cold; the pipe will not 
lose consciousness anti stop the flow' of water, if it be made to inhale 
chloroform, nor will its conducting power be abolished by applying 
round it a bandage soaked in poison. These agents will, on the other 
hand, profoundly affect Lhe transmission of excitation. The nature 
of an impulse may thus be discriminated by several crucial tests. 

II physiological changes affect the rate of conduction, then the 
impulse: must be of a nervous character; absence of such effect, on the 
other band, proves the mechanical character of the impulse, 

Of the various physiological testa, Pf offer employed that of the nar¬ 
cotic drug- Chloroform applied on the surface of the stem of Mimosa 
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f K ikd to arrest the iriqrata. This result* at first sight, appears moat 
convincmg anti has Wa universally accepts! as a disproof of the 
existence of itervoua impulse in Mimosa. A little reflection will, how¬ 
ever, show that under the particular conditions of the experiment the 
conducting tissue in Lhe interior could not have been affected by the 
external application of the narcotic, the task Wing, in fact, as diffi¬ 
cult ns narcotizing a nr iro trunk lying between muscles by the appli¬ 


cation of chloroform on the skin outside* 

The question of nervous impulse m plants has thus to be attacked 
7m iin d I have employed for this purpose twelve different methods, 
ir <dl nmvfi concltiMTelv that the impulse in the plant is identical 


pulse in the plant 
Of these I shall give a short 


anew 

They all prove conclusively that the 
in character with that in the animal, 
account of three differ¬ 
ent modes of investiga¬ 
tion , I i is obvious the t 
tbo transmitted im¬ 
pulse in Mimosa must 
lie of an excitatory, or 
nervous, obnractor: 

(1) If exci tat ion can 
bo initiated aud prop¬ 
agated without any 
physical disturbance. 

The central fact in the 
mechanical theory Is 
the squeezing out of 
water for starting the 
hydraulic impulse. 

The hydromechanics! 
theory must necessa¬ 
rily fall to the ground 
if excitation can be 
effected without nay 
mechanical disturbance whatsoever, I have h!iow*h that excitatory 
impulse is initiated under the polar action of current in the completes 
absence of any mechanical disturbance, Lhe hi tensity of the current 
being so feeble as not to be perceived even by the very sensitive 
human tongue, 

(2) If it can be shown that physiological changes induce apprfH 
prime variation in the velocity of transmission of the impulse, 

(3) If the impulse in the plant can be arrested by different physio¬ 
logical blocks by which nervuus impulse in the animal b arrested 

For the last two investigations the research resolves itself into the 
accurate measurement of the speed with which an impulse in the 
plant is transmitted, and the variation of that speed under rhfmged 
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condition, A portion of Ole tissue at C may, for example, be sub¬ 
jected to the action of cole! or of a poison (fig. 12)* In order to find 
the sspeed of norm id transmission, we apply an instant&neoua stimu- 
l\is r aay t of an electric shock* at B, near the putvinns- A short inter¬ 
val* the latent period* will elapse, be tween th© application of stimulus 
and the beginning of responsive movement. After the determina¬ 
tion of the latent period we apply stimulus ones more at A and 
observe the time which elapses between tho application of stimulus 

and tile rrapumw. 
The difference be¬ 
tween the two pe¬ 
riods gives m tin; 
time required for 
the excitation to 
travel from i ke point 
of application of 
Stimulus ut A to the 
responding organ at 
EL Hence we ob¬ 
tain the speed of im¬ 
pulse in tho plant. 
The experiment b 
repeated once more 
after the application 
If the speed undergoes any variation, it wuist 
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of ji given agent at C, 
be due Lo tho action of the given agent. 


DETERMINATION OK -SPEED OF ESOTTATORY IMPULSE IN PLANTS/ 


As relatively long interval* have to be measured in the determma- 
tkiu of velocity, the recorder has its frequency adjusted to to 
vibrations per second, hence tho apace between successive dob* 
represents an interval of one-tenth of a second. In figure 13 is 
given a record for determining the velocity of t ransmi ssion. Tho 
two lower figures give practically identical results , of successive 
experiiiii’[Us whoa stimulus wits applied at a distance of 30 millimeters. 
The uppermost is the record for direct stimulation. From these it 
is seen that tho interval between stimulus and response is 1.0 seconds, 
and that the latent period is 0.1 second. Hence tho true time for 
the excitation to travel through a distance of 30 millimeters is 1.5 
seconds, the velocity being 20 millimeters per second. 

i 7wr ■ mar* ilntollsd MWI 1 L conin': 
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Tha velocity of excitatory impuk in the plant Is slower than 
those uf higher, but quicker ihmi those of lower animals. The speed 
of the impute is, however, subject to variation under diffaront 
conditions. One significant result that catuo out whh that while a 
plant carefully protected under gjivss from outside blows looked 
sleek mid nourishing, yet as a complete mu) perfect organism it 
proved to be a failure* Its conducting power was found atrophied 
uf paralyzed. But when a succession of blows mined on this effete 
and blunted specimen, the stimulus canalized its own path of con¬ 
duction and it became morn alert and responsive* and Its nervous 
impulse became very much quk-koned- 


INVLltKSlTfc <l| T K M FKRATll It K ON VELOCITY. 

A decisive experiment Lu discriminate between the theories of 
mechanical and nervous transmission* consists in the determination 

of the effect uf _ 

temperature 
on the speed u f 
t Tii ii s mission. 

Temperature 
bus no effect 
on mechanical 
propagation* 
whereas a mnd- 
crate varia¬ 
tion of it pro¬ 
foundly affects 
nervous trans- 
mfesUim The 

result given in figure 14 Is quite conclusive fis regards the excitatory 
character nf the impulse in plant** 11 is seen that with rising tem¬ 
perature the time required for tmnsmbdon through the same dis¬ 
tance is continuously educed. In the present ease the velocity is seen 
to be more than doubled by a rise of temperature through 9°, 

The converse experiment b to subject a portion of conducting 
petiole la the action of cofil- Tills retards the speed of conduction. 
Excessive cold temporarily abolishes the conducting power* 



VW-14—Effort -dJ rising CrEnpinUme la rntLjmrtufl vploril j of IruU'iftlss ion. 
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INDUCED PARALYSIS A Nil ITS CURE BY ELECTRIC TREATMENT. 

As mi aftereffect of the application of intense cold, the conducting 
power remiiuLs paralyzed for a consklero-blu length of time. It is 
a very interest mg and suggestive fact that I have been aide to 
restore the conducting power quickly by subjecting the paralyzed 
portion of the plant to a memured and moderate dose of electric 
ftbock. The application of loo strong *m in tensity is, however, very 
detrimental. 
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MiOCE of conduction by the action of poison, 

I have (dbo succeeded in arresting conduction of excitation in 
plants by local application of poisonous drug*. The defect of 
Pfoffer's experiment lay in hi* attempt to arrest the impuke by the 
application of a volatile anesthetic like chloroform on a surface of 
a thick stem. The chloroform escapes in the form of vapor; the 
access of the solution under these conditions to the interior of the 
tissue by absorption can only be slight and therefore ineffective 
in arresting the excitatory impulse. It occurred to me that the 
physiological block induced by a drug could he rendered more 
effective in two different ways: First p by the selection of a thin 
leafstalk instead of a thick stem for the purpose iff the experiment, 

so that the access of 
the solution to the in- 
term? became less dif¬ 
ficult; in the second 
place by the employ¬ 
ment of strong non- 
volatile toxic agents. 
Idee solutions of cop¬ 
per sulphate or of 
potassium cyanide* 
The choice of a .strong 
poison was deemed 
Fm, u.^Aboiiikn nE ftmdiiftinn. hj iwaJ aptiiiraEkn fti potasstnm advisable,, been use 
ejonidu, tit Nomwl m$m ws*£ ot «*^k**m ■«« ^'s 1 ^ 

fa Lion Ear flifl minute*: O) F ' c ™- ,trtl1 nbolkkxi ol *v*ri 

w&ca ftimtdiu vu IncMd flltitll-Md; (4) gf tfkftcE 

rtlmuMbA- 



t he al>sorpt ion of e ven 
small quantity 


might in such a case 
prove effective in abolishing the conducting power. My anticipations 
were fully justified. By the application of copper sulphate the con¬ 
ducting power was found arrested in the course of 20 minutes; 
but tho more deadly cyanide solution aboUshed the conducting 
power in a period iu short as five minutes. (I'lg. 15.) 

Accounts have thud been given of some typical experiments by 
which tho nervous impulse is discriminated from the moclunueal 
impulse. It has been shown that excitation may he initiated and 
transmitted in the plant in the complete absence of any mechanical 
disturbance. It has been shown that the various conditions which 
accelerate, retard, or arrest the nervous impulse in the animal also 
enhance, retard, or block the impulse in the plant in a manner which 
is identical. 1 have, moreover, from my investigations on the plant 
nerve,led to the discovery of certain hitherto unknown characteristics 
of the animal nerve. The investigation on the sitaplest type of 
plant nerve is expected to cost a flood of light on tho obscure phe- 



PIJl S T-ATrttJOBAJ'H* — BOSK- 


439 

fioinsfidii of nervous tin pulse in gi'uornl und the causes operative in 
bringing about the degeneration of the normal function of tho nerve. 

SPONTANEOUS PUPATION. 

In certain animal tissues a very curious phenomenon is observfld. 
In man und other animals, there am tissues which bout, as wtv say, 
sporttnn^otlRly. As long us life lusts, so long does tho heart continue 
lo pulsate. There is no offert without a cause. How, then, was it 
that those pulsations became spontaneous! To this query no fully 
satisfactory answer has been forthcoming. We find, however, that 
similar spontu neons movements ore also observable in plant tissues, 
and by their investigation the secret of automatism in the animal 
may perhaps bo unraveled. 

Plivsiologbis. in order to know the heart of man, play with those 
of the frog and tortoise. "To know the heart.” be it understood, is 
here meant in a purely physical and not in a poetic sense. For this 
it is not always convenient, to employ the whole of the frog. The 
heart is therefore Isolated and made tho subject of experiments ms to 
what, conditions accelerate anti what retard the rale nml amplitude 
of its beat. When thus isolated, the heart tends of itself to come to 
a standstill, but if by means of n fine tubing it be puhjoctcd to 
internal hydrostatic pressure its healing will bo resumed and will 
continue uninterrupted for a long time. By the influence of warmth 
tho frequency of the pulsation may bo increased, but its amplitude 
diminished. Exactly the reverse b (ho effect of cold. The natural 
rhythm and the amplitude of the pube undergo again appropriate 
changes under tho action of different drugs. Under ether tho heart 
rnay come to it standstill, but on blowing this off the heat is renewed. 
The action of chloroform is more dangerous, any excess in the dost? 
inducing permanent arrest. Besides these there are poisons also 
which arrest tho heartbeat, and a wry noticeable fact in this con¬ 
nection is that some stop it in n contracted and others in a relaxed 
condition. Knowing these opposed effects, it is sometimes possible 
to counteract tho effect of ono poison by administering another. 

RHYTHMIC F V l-SATION B [ S"" DESMODIUM. 

The existence of such spontaneous movements is seen in the well- 
known Indian plant Desmodivin gijrans, or the telegraph plant, 
whose leaflets dunce up and down more or less continuously. Tho 
characteristics of the automatic pulsations in the phmt could not be 
determined on account of tho apparent impossibility or obtaining a 
record. Tho leaflets are too minute and the pull exerted too feeble to 
overcome friction of tho recording surface. This difficulty I have 
been able to remove by the device of my oscillating recorder. From 
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tho records thus obtained I flam enabled to say that the automatic- 
movements of both plants mid animals are guided by Xu ws which itre 
identical 

Firstly, when for convenience of experiment we cut off the leaflet, 
its spontaneous movements like those of tho heart, come to a stop* 
But if we now subject the isolated leaflet by means of a fine tube to an 
added internal hydrostatic pressure, ils pulsations are renewed and 
continue uninterrupted for a very long time f%. IG'L II is round 
again that the pulsation frequency is mrffcosoti under the action ■ if 
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warmth and lessened under redd, mereased frequency being iH tended 
bv diminution of amplitude and vice versa. Under other there is a 
temporary arrest, revival being possible when the vapor k blown 
off (fig. 17 ). More fatal is the effect of chloroform. Tire most 
extraordinitry pjirallelisrii, however, lies in the fact that those poisons 
which um^t the beat of tire hem in a particular way arrest tho 
plant pulsation also in u eoirapu tiding manner, lire arrest produced 
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being eit her at sys- 
tele or diastole, de- 
pe nding on the char¬ 
acteristic reaction o! 
the pobcm* Taking 
advantage of the an- 
t agonktic rear lIons 
of specific poisons, I 
have been able to 

revive tv poisoned leaflet by the Application of another counteracting 
poison. 

l*t us now inquire into the causes of these automatic movements, 
so called. In acpcriratim-ing with certain fcypea of plant tissues 
I Jiud that an external stimulus gives rise to the same amplitude of 
response, whether tho stimulus he feeble or strong. What happens p 
then, to tho excess of tho incident energy? It. is not really Inst, 
for these particular plant tissues have the power of storage. In this 
way energy derived in various ways from without—such as light, 
warmth, food, and so on—k constantly being accumulated. When 
a certain point is readied., there is a bubbling overflow, and wo call 
this overflow spontaneous movement. Thus what we call automatic 
k really an overflow of what baa previously been stored up. When 
this accumulated energy k exhausted, then there is also an end of 
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spontaneous movements (fig. IB). But an fresh ueveswicm of stimulus 
from outside renews these pulsations* 

In the matter of these so-cnUed spontaneous activities of the 
plant 1 find that there are two distinct 137103 . In one the overflow 
is initiated with very little storage, but hero the unusual display of 
activity soon corner to a stop, To maintain such specimenis m the 
rhythmic condition, constant giijmilmiun from outside is necessary. 
Plants of this type am extremely dependent on outside influences, 
jind when such sourer of stimulus are muttvcd they speedily come 
to an inglorious stop, Avcrrhoa i-t an example of this kind. In 
thu second type of automatic plant activity I liml that long-continued 
storage is re~ 
quired before an 
overflow can be¬ 
gin. But in this 
case the sponta¬ 
neous outburst is 
persistent and of 
long durat ion, 

even when + the rm, t* -oruM ttopjmpcf tn an Mia** Pwnudtoa teoH 

plant is deprived at*t«nudawnefvtaralarany* 

of any immediately exciting cause. These* therefore, are not so 
obviously dependent ns r ho others on the sunshine of the world* 
Our telegraph plant! Dcsmodium, is an example <d this. 

INSTAtfTAKEOtfS HE CORD OE GROWTH* 

As a Further example of automatic activity we may take the 
phenomenon of growth. The rate of growth is so extremely slow 
that even the proverbial pace of the snail is two thousand times 
quicker, it would take an average plant 200 years to cover the 
short distance of 11 mile. This extreme slowness is a serious draw¬ 
back in the investigation on growth. For even with the existing 
nu^jjnifying growth recorders it would take many hours for the varia¬ 
tion of growth tii be recorded under the given changed conditions 
in the environment. The results thus obtained are subject- to errors 
brought about by the variation of growth which takes place spon¬ 
taneously in I bo enurso of a few hours. Grow til can he assumed to 
remain constant only fur a short time; on ibis account it h necessary 
to conclude an experiment in the comao of *1 few minuter 

By means of microscopic projection it is possible to magnify 
growth; bat such an arrangement will not be self-recording, There 
is again a smuus error introduced by the action of strong light p 
which profoundly mndilies the rate of normal growth. 

These difficulties have bivii overcome in my high magnification 
cftraugraph t which records the absolute Cato of growth in a time sc* 
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short as the single heat of the pendulum. The various magnifica¬ 
tions available are a thousand or ten thousand times. For demon¬ 
stration purposes I have been able to keen to u magnification of n 
million limes. The infinitesimal growth thus becomes magnified so 
us to appear rushing forward ns if in a race. The nctu&L rate of 
growth and its variations under the notion of drugs, of food materials, 
of various electrical and other forms of stimuli, ate thus recorded in 
the course of a few minutes. The great importance of ibis method 
of investigation in agriculture is sufficiently obvious. 

The plain has thus been made to exhibit nmiiy of the activities 
which we have been accustomed to associate only with animal life- 
In the one case, ns in the other, stmudu* of any kind will iiutuco a 
responsive thrill There are rhythmic tissues in the plant which, 
like those in the animal £0 on throbbing ceaselessly. These spon¬ 
taneous pulsations in the one ease,, as in the other, am affected bv 
various drugs in an identical manner. And in the one ease, as in 
the other, tbo tremor of excitation h transmitted with a definite and 
measured speed from point o« point along conducting channeR The 
establishment of this similarity of responsive actions in the plant 
and animal will la- frniml of the highest significance; for we now 
realize that it is by the study of tho simpler phcnotnr nu of irritability 
in the vegetal organkms that we may expect to elucidate the more 
complex physiological reactions of the animal 

THE PLANT'S RESPONSE TO THE SHOCK OF DEATH. 

A time comes when* after an answer to a supreme shock, (here is 
a midden end of the plant's power to give any further response* 
This supreme shock is the shock of death. Even in this crisis there 
is no immediate change in the placid appearance of the plant. 
Drooping and withering are events that occur long after death itself. 
How does the plant, then, give this last answer? In man, at the 
critical moment, a spasm passes through the whole hotly, and similarly 
in the plant I find that a great contractile spasm takes place. This 
is accompanied by an electrical spasm also. In the script of the 
death recorder the line, that up to tins point was being drawn, 
becomes suddenly reversed and then ends. This is the last answer 
of the plant. 

These, our mute companions, silently growing beside our door, 
have now told ns the tale of their life tremuliiusueas and their death 
spa™* in script that is ns inarticulate as they. May it not ho said 
that this, their story, has a pathos of its own beyond any that wo 
have conceived 1 

We have now before our mind’s eye the whole organism of the 
perceiving, throbbing, and responding plant, a complex unity and not 
a congeries of unrelated parts. The harriers which separated kindred 
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phenomena in the plant ansi animal are now thrown down- Thus 
enroll!unity throughout the great ocean of life is seen to outweigh 
apparent dissimilarity. Diversity is swallowed up in unity. 

In realizing this, is our sense of final mystery of things deepened 
or lessened ! Is our sense of wonder diminished when we rcaliKO m 
the iidimlo expanse of life that is silent and voiceless the foresdmdow- 
}njr$ of more ’wonderful complexities t Is it not rather that science 
evokes in us a deeper sense of awe? Does not each of her new 
advances gain for us n step in that stairway of rock which all must 
climb who desire to look from the mountain tops of the spirit upon 
the promised hind of trULh t 
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THE NATIONAL ZOOLOGICAL PARK AND ITS INHAB¬ 
ITANTS. 1 


By m. PfcAffK BakM + 
SupsrintcTuteni q/ mbnat £oalo $imf Part 


[With 41 

Iu ihp year 1800 Congress authorized (b purchase of land for the 
establishment of a national zoological pftrk a to be placed under the 
ilim-fcioD of tho Snuthsaruan Institution. 

The site, about 107 acres in extent, wits selected with much care 
mid is verv beautiful. From north to south, a distance of more than 
three-quarters of tt tniki, it is traversed by Rock Creek, a streamlet 
Lb at winds through n valley inclosed by steep j tree-chid hills and 
cliJTs of gray* mo^s-covorod stone. At that time fewer than a dozen 
houses bordered upon it. and it was thought that its seclusion was 
complete. Even now, when by the growth of 20 years the city has 
nearly s-urroti tided it p the shut-in valley, with its woods and stream t 
lies quiet and remote. 

Tho act establishing the park declared it te be for the lf instruction 
and recreation of the people.' 1 and every effort b made to meet this 
requirement* Thousands of children make it their happiest play- 
ground* Babies dig in the sandboxes or sleep in tho shade of the 
great trees; small boys and girls wade in the creek and scramble over 
the rocks; older ones play bidI on the lawns iu summer and skate uu 
the ponds in winter; and all ages picnic by tho tables or in the pleasant 
shade of the woods. Schools come in bodies to pursue their nature 
studies! and pupils training for teachers study the wild birds, tho 
trees, shrubs, ami animals. 

Tho National Zoological Park is a favorite resort for the pastime 
of egg-rolling mu Easter Monday, as it has many extended slopes 
down which the eggs can roll and the children run until they are 
tired. The accompanying illustration {pi* 2) h shows the appearance 
of the lion-house hill upon such a day, yet gives but a slight idea of 
the great crowds of children present* In order to find out the actual 
number of visitors, watchmen were stationed at each entrance on 
this day to record the persona passing in on foot and in carriages. 

i by poemtoao mm th#VoaiA R*fliW*Wi#aia53»n^ E. L’., July, WI3, ud 1914, 
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The total number for E us ter Monday T H>M T wua found to exceed 
57,000. 

The main buildings are grouped within a comparatively .small urea. 
The moat important is ike lion house* shown in the background of 
plate 2, This contains most of the large cats, as well as a number 
of other interesting animals. Behind it art? the monkey house, the 
bird house* the antelope hoarse, each well filled with animals: at the 
west of these are the main metosuros for bears. In the valley below 
are the wolves* foxes, and dogs, the oea-llon pooh the beaver pooh 
the Lncbaures for otter, etc., and a shady pathway leads to the 
western entrance to the park- Along this pathway are various cages 
and i Reinsures- The houses for the elephants are along the main road 
beyond the antelope house. Threw? houses and paddocks. r]n not 
comprise the whole collection, for against the cliff at the very soul b- 
ern side of the park are another set uf hear dems and an mdosurc for 
the chamois; on the eastern side of Buck Creak are paddocks for elk, 
on the western aide those for Hamas, yak. and camels. 

Along the limn pathways are cages run Lai rung animals so inured 
to changes of climate that they can remain nut ail win ten 

A flock of wild turkeys, several coveys nf partridges, many peacocks, 
squirrels, and wild rabbits make their homes here and wander in 
perfect freedom throughout the whole extent of the park At the 
opening of spring of 1913 a flock of wild geese voluntarily came down 
and settled in the pond where the other geese arc kept. Those 
beautiful birds? became quite tame but unfortunately again took 
flight. 

THE AMERICAN BISON. TEX TAFT, 

When the park was dm established it was thought that one of its 
principal functions should be the preservation of races of animals 
al,:iout io become extinct, and one of its earliest cares was the collection 
of u group of American bison, the great grazing animal that only 40 
years ago roamed in vast; herds on the plains of the Middle West and 
was rapidly disappearing before the advance of railroads and the 
rapacity of hunters. The project for the preservation of this interest¬ 
ing and valuable animal has proceeded, chiefly under the stimulus 
of Dr. W. T. Ilomaday, until at present there is no reason to suppose 
that it will wholly disappear ? there being several large parks estab¬ 
lished where it breeds freely. A careful census made by the American 
Bison Society shows that there were in North America, January 1* 
1914, 3,78fl bison, of which 3,212 were in captivity, and that they arc 
slowly increasing in numbere. 

The early settlers in America, with that strange mischance that 
seems to preside over the naming of new animals, called the American 
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bison ii ‘‘buffalo/" a name which properly belongs to a quite different 
group. The genua Bison is common to both Europe and America. 
The European animal once purvnded the great forests c^f Germany; 
Austria p and Poland very much as our form did the western plains, 
but retied before advancing civifizatiQn, until now it is found only 
in two care fully guarded preserv os, in central Russia and the Can- 
chub* Re Li not as picturesque an itnSmal as his American cousin. 

The immense head and shoulders of the bison give it an aspect of 
great force and dignity, and it h a favorite subject with sculptor and 
piiinters. I am informed by Mr + Charles IE Knight, the well-known 
illustrator, Unit, the bison engraved on the United States treasury 
notr for 510 was from a drawing made by him of the very animal 
shown in plate 3. As is the case with many herding unimals* there 
is usually a single one who by superior strength and prowess com- 
mands the others* and becomes the leader of the herd. In the course 
of time his powei* weaken and some younger aspirant displace* him. 
A tragical occurrence of this kind happened at the park a few years 
ago, when two young bulls attacked the reigning monarch of the 
herd and gored him to death in spite of the exertions of the keepers. 
The short, powerful horns of the animal con inflict serious injury, 
and it is not safe to approach too closely the fence of the paddock 
where they are confined. They have been known to attack and 
seriously injure their keepers. 

The yak, an animal nearly allied to our bison, is found in quite 
a distant part of (he globe, in the high, muunuilimits regions of 
Tibet Its heavy, thick coat of hair, which falls about it in long 
fringes nearly to the ground, shows that it is prepared to resist 
extreme old* This hair is an arranged as to form a kind of mat 
fur she animal when il lies down upon the icy rocks where it makes 
its home. The legs arc short and stout and the hoofs large and 
rounded, well calculated to give it a footing upon the mountain 
passes- Its horns are wide and spreading, somewhat like those of 
some varieties id our domestic oxen. The specimen shown in 
piuli- 3 used to dc%hl in digging up the earth with those great 
hums, defacing the hillside of ha paddock so that hr had to be 
removed to more Iewl grnuiuh 

Adapted to resist cold, this animal is rather intolerant of heat 
and suffers considerably during the heated term of a Washington 
summer- It does not bellow like our oxen, but has a rather char¬ 
acteristic gruiiLmg bark, which has led to it* being called the grunt- 
ing ox. 

1 he yak htLs been domesticated and is used to carry burdens 
over the mountain passes of upper Tibet, It b said that without 
them traffic would be almost impossible, os there art 1 no other ant- 
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tmih that ran be used there, Thu domesticated variety is almost 
invariably white, while the wild ones are usually dark colored, like 
the specimens in the park- 

The euwa of this species an' smaller than the bulk. They are 
usually homed, hut it is not uncommon to see animals that are 
“potted/* or hornless. Young have been born in the park from 
the pair that wm then" for several years, and several of these are 
without horns. 

This group of oxliko animals should not bo left without noting 
rhiti there are to be found in the park several others quite distinc¬ 
tive and important. The first of these h the true buffalo, from 
Hast Africa, a young animal of powerful build, whose horns and 
bodily frame arc quite different from [hose of our bison, The 
second is the little imea, or buffalo, from the Celebes, the smallest 
of the t>x tribe, mil larger than a small Shetland pony. Both of 
these arc in the an tel-] w house, Then? m also, hi a separate build- 
iug, it group of zebu>3. or humped Indian cattle, 

mountain sheep* 

Thia noted American animal inhabits the most lofty and desolate 
regions- It is not accustomed to the more humid and heavy air 
of the Atlantic seaboard and does not thrive well when confined 
here. When first caught it is exceedingly timid and liable to die 
from what might be called in a human being “immm&nmi” as 
it pines and refuses to cat- The only way of succeeding with these 
annuaU is to capture them when quite young and furnish them with 
a foster mother, like u goat or domestic sheep. Tin* specimen 
shown in plate t is a young male that was in the park for suniii time. 
The adult male has much larger horns anil is a very line and imposing 
aniinal. 

Several specimens of a near rclativu of hot mountain sheep nmv be 
seciu Those an- the Barbary sheep from tho Atlas Mountains of 
Africa. The mule of this animal possesses when fully grown; a maun 
*if king hair covering ita chret and forelegs. Its horns arc huge and 
powerful, I ait do not reach the size of those of our own sheep The 
rotor ol the nninud is like tliat of the rocks of their mountains, a red- 
di>h yellow, and, as their instinct leads them to remain perfectly 
quiet U|wn the approach of man, they arc very difficult for the burner 
to discover. 

The wooffess sheep from [lie Barbados ts also here, 

1 hroEigh the kindness of the Swiss Government the park has been 
enabled to exhibit specimens of the chamois, or wild goat of tho Alps. 
They are located on tho steep cliff at tho southern boundary of the 
park, a Situation not v rv di^indW 'o that w hich they ocettnv when 
ut home* 1 hey arc very agile and aurcfooted, mid etui leap from 
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rock to reck with the great** f f" UtkM 

do that scarcely seflM largo enough to holdthcir feit. Th• r -hoakr 

like horns arc very dwrp and dangerous. They thrive well hero, «* 

they have bred end raised young. 

The nark Inis also specimens of the talir. an Asiatic mounted goat 
from the Himalayas, TW look like our domeatw goat, but have 
no beard. Their horm are hlack, the general color of their hair dark 
brown. They live on extremely precipitous cliffs. These irnimab 
have bred in the park and seem to endure captivity well. 


ANTELOPES* 

Notwithstanding the advance of European settlement, Africa 
still exhibits a remarkable variety of wild gome. Antelopes ingreat 
numbers and of great variety of form and sire, together with giraffe* 
and zebras, still roam over its vast grassy plains. The park is fortu¬ 
nate in having a number of specimens of this teeming animal life, 

but only a few will be ment ioned. 

The bontebnk (pi. S) r was formerly very numerous m South Africa 
but has been nearly exterminated by hunters, only a few small groups 
remaining. It. derives its name, given it by the Dutch colonists (pmd 
goat, when translated), frem the marked contrast between the white 
colnring of U- face and rump and I hr brown or fawn color of Us body. 
Its hums are black. The blcsabok (blazed goat) is another rare ani¬ 
mat of quite similar character. 

There is a pair of Coke's hartrStreets, a rare speciesinhabiting east¬ 
ern Africa, having widely expanded horns capable of inflicting a dan¬ 
gerous blow. 

The waterbnek (pt.6), ordefassa, from I he sumo region, lives among 
tlte high grass of swampy regions and is also found on higher ground , 
fleeing to the vallevs when pursued- It reddish brown in color. 

The white-tailed gnu Is the animal often styled the homed horse. 
The Dutch call it the 11 wildebeest,” as if it were a wild form of domes¬ 
tic cattle. Tho specimen in the antelope house is very fond of danc¬ 
ing and curveting about his inr Insure, uttering sharp barking cries. 

The harnessed antelope is from western Africa and Is another water- 
frequent ing animal. It receives its name from the peculiar narrow 
white markings, tliat make it appear as though wearing a harness, 
ft has hoofs specially adapted for walking on swampy ground. 

Aft animal related in its structural formation, though much linger, 
U tlm iiilghai from India. It lives in small groups on grassy plains 

or among thin brushwood, 

Tim largest of all the antelopes is, however, the African eland, which 
formerly ranged over & largo extent of country, but is now confined 
to central and eastern Africa* It is quite oxlike in its appearance, 
mit'-ni ISM--39 
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its flesh h excellent eating, it is said to be easily domesticated uiid 
might be made of use as a draught uniniul. 

The small antdop m known as gftxelles are noted for their delicate 
symmetry ami graceful movements The animalshown in plated is 
from she plains of East Africa, where it is found in great numbers. 
The mule has very long horns, which am ringed from the base nearly 
to the tip. 

Gazello* arc re mark Able for their speed, being among the swiftest 
of the antelope tribe. Consequently they nre so lean and sinewy 
that their flesh is not Tory good eating. Their colors are excellently 
adapted to conceal them, being almost exactly the same shades as 
are seen on the dry plains or sandy deserts where they have their 
home. It is from their skins that are made the water sucks that are 
commonly used in the East for tlio trims port at ion of water. 

The springbok is another most beautiful member of this group, 
cinnamon colored upon the bark, snowy white below and upon the 
nmip + where it has a patch of long white hair which it cun spread 
when excited. It receives its name from the peculiarity of its gam¬ 
bols. during which it leaps suddenly upward, sometimes quite over 
the harLs of its fellows in the same herd, us if engaged in a game of 
leapfrog, doing this with the utmost ease, without perceptible exer¬ 
tion. This animal was formerly very numerous in South Africa, and 
is still found there in considerable number ucGasitnially, when 
driven out by drought, pouring down from the interior toward the 
settlements in immense migratory herds, and laying wastr the 
cultivated regions. 

The Indian gazelle* nr black buck, is also a plum*, animal but con¬ 
fined to the continent of India. The male only h entitled to the name, 
being, when lull grown, of a deep* glossy black above and u snowy 
white below f the female being cinnamon brown above and white 
below. The horns of this animal are long and peculiarly shaped, 
being not only ringed but spirally twisted, like those of the fabulous 
unicorn, which has led sumo lo suppose that this animal may in sumo 
obscure way have given rise to the conception of that mythological 
beast. 

This is one of the* amniols ihat is hunted by means of the cheetahi 
or hunting leopard* Though very fleet of foot, it can not equal the 
speed of tibia swiftest of the cat tribe. It breeds readily in captivity 
and several young have been bora in the park. 

America has but one species that can be placed among the ante¬ 
lopes, and that is of a very peculiar Lype + The oldrWorlil antelopes 
differ from the deer family in nut shedding their horns annually; 
but retaining them throughout life* Our own antelope, the prong horn 
(pi. 7)| agrees with iltu deer In shedding its horns, but conforms to the 
African and Asiatic species in general appearance and habits* It was 
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formerly common throughout the plains west of the Mississippi, but 
its ran g* h now much less. In the Yellowstone Park, whore it is 
carefully preserved, a consider able number are found. It does not 
B t and well the more humid dimate of the eastern United States, and 
cm this account is difficult. to keep in zoological collections. It is 
easily tamed and becomes very familiar with its keepers. 

THE PEEK. 

The deer familv is a von' large one, comprising specimens inhabiting 
oven' quarter of the globe. The moat striking characteristic of the 
nine in lhe almost univfrsiJ possession by tho stales of peculiar 
branched appendages termed antlers, or horns, which are cast off 
every year and again renewed with astonishing rapidity. The park 
possesses specimens of many different species of tills family. 

Of distinctively American species, the Virginia deer is the most 
famous.as well us tho most widely distributed. It. still lingers in the 
forest of the northern United States, in the Affflgh attics, and in the 
South, extending into Mexico. It varies much in size and color m 
different localities, A fine specimen is a most beautiful object, as 
may I* seen by the picture of a fawn in plate 8. This photograph 
was taken in lbe Blue Mountain forest Park, and is published by 
the kind permission accorded by Mr. Baynes, ona of tho board of 
managers of the Bison Society. Similar animals are shown in the 
National Zoological Park, but this illustration b presented because 
it b on unusually successful photograph, not always easy to secure in 
the case of living animals, 

Notwithstanding their apparent gentleness, the bucks of this 
species are at times very dangerous animals. On one occasion a buck 
attacked ihe principal keeper at the park and would probably have 
killed him if he had not been able, to get behind a tree and, by seizing 
both antlers, hold tho animal until assistance could arrive. It is 
often necessary to saw off the antlers from ugly bucks lo prevent their 
injuring others. 

Specimens uf tho mule deer, a western form with large ears, eiiu 
also be seen. This species wus formerly very abundant on the western 
plains, fare is token to preservo it in the Yellowstone National Park, 
One of these animals oneo jumped over the S-foot fence of its paddock 
and created considerable excitement by wandering about the city. 
Alter a few days it came back to its paddock and submit toil again 
to being shut up. 

Our largest American deer is the moose, known in Europe as the 
elk, a term which we have improperly applied to the wapiti. Several 
attempts have been made at the park to keep tho moose, but these 
have not been very successful. The annual lives iu the vast northern 
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forests and feeds almost wholly upon the young twigs of trees or 
Upon pond-lily roots, and suitable Food is therefore very difficult to 
procure. 

The wapiti or elk, on the contrary, seems to thrive well in confine¬ 
ment, eating hay and grass like a domestic anLtiid and breeding 
freely. On the eastern side of the park is a large paddock where a 
numher of these stately animals can be seen. The wapiti was for- 
mcrly very abundant in nearly all parts of North America, but its 
range is now greatly restricted. There are still considerable herds 
m the Yellowstone Park and in the Olympic Mountains of the western 
coast. At the approach of autumn the peculiar melodious cull of 
the stags can often be heard. 

There is abo a small baud of the European red deer, nearly related 
to the wapiti, although considerably smaller in size. These are tho 
dew so famous in song and story, still found wild m the Scottish 
highlands and eastern Europe and preserved m many English parks, 

Tho follow deer is another species widely preserved in England 
though it is a native of (lie Mediterranean countries, ft is veiJowiah 
brown in color, marked wit h white spots. 

Closely allied specie* represented in the park are the axis deer of 
India. the Japanese or sika deer, and the swamp or barasiugha deer 
also of India. 


An interesting example of another group was presented to the 
park by (he late Admiral H,-D. Evans, United States Nsvv, This 
animal is from the Philippine Wands. It M quit* and proba¬ 

bly byes m an alluvial country, an it delights in plowing up the earth 
with its antlers, and is usually covered with mud tluit it <nus from 
in its yard- & 


fhe siunbar dyer of eastern Asia is a larger representative of this 
group, and the little hog deer h a smaller one, not being larger than 
ft pig or mo ilium sbsp* 


Tno barking deer, or muntjac, of the same region is also represented. 
,is animal is of a deep chestnut brown and has antlers of a very 
simple patjom, resembling somewhat those of the pronghorn antelope. 

J he park has also a specimen of the famous reindeer, used by' the 
Laplanders m a draft animal. It has to bo fed entirely upon moss 

and lichens brought from the north, as it never gets accustomed to 
eating liny. 


THE CAMTX* 


The strangest beast of burden is the camel of the old world, a ]on"- 
eggev, ungainly animal, vicious in temper and uglv beyond descrip¬ 
tion. In both Aria and Africa it Is domesticated. The camel of 
j nca and Arabia, often called tho dromedary, Li distinguished bv 
one hump, while the central Asiatic or Bactrian camel has two. 
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Boili have a peculiar series of cavil ia® in the lining of the stomach, 
by menu* of which they retain from a gallon to a gallon and a half of 
water separate front the food; this enables them to go mail} daya 
in the hottest climates without drinking, a peculiarity wliich makes 
ifik ben-si invaluable in the desert. The humps upon the back arc 
another provision of nature by means of which the animal te assured 
uf sustenance* being made up principally of lumps of fat that increase 
in size when the animal is well fed, and on which he draws when 
there is little or nothing to eat. The feci of the cornel arc very pe¬ 
culiar, being large r spongy pads adapted for traveling over sand. 
The small camel in plate 9 is of the Bactrian variety, and wa& 
bom in the park. Biting and kicking him when he tried to rmrae r 
Ills unnatural mother would have nothing to do with him, and it 
was necessary to put him in a separate yard and to bring him up by 
hand. The picture shows him when but 1 day old, nursing from a 
buttle held by the keeper. 

The Arabian camel exists in a wild state in Spain, and the Bactrian 
Is found wild in certain parts of central Asia, but these have doubtless 
descended from animate that have escaped from domestication- 
Both species are exceedingly stupid animate, sometimes very ill- 
tempered and dangerous, inf he ting savage bites with their powerful 
canine teeth. 

the llamas. 

In South America are found four repi s-sentatives of a genus allied 
to the camel. These are the llama, the alpaca, the vicugna, and the 
guamico. The first two an. 1 domesticated and the others wild. 
Specimens of each mv owned by the park- These animate have a 
long neck, a large head, and long ears like the camel; but, as they 
have not the hump, they are mu eh more graceful. 

All of these species live in temperate dimates, usually upon ihe 
higher slopes of the Andes, but coming down to sea level in Pata¬ 
gonia. They do not thrive in humid regions and attempts to utilize 
them in other countries have usually failed. 

They all have the very unpleasant habit of spitting at visitors that 
atop to examine or pat them. 

The guan&eo te now believed to be tin? true ancestor of theso several 
stocks. H te found in considerable Hocks on the higher mountains 
from Ecuador to Tiorrm del Fucgo, and te very wild and wary. It te 
said that when about to die it seeks a spot commonly resorted to by 
the flock for a place of demise. 

The vicugna is smaller than the gu&naco and te much more re- 

slrictod in its range, being confined to Peru and Bolivia. Formerly 

die wild vicugnas and guanacds were rounded up annually by great 

numbers of Indians, then carefully sheared p and allowed to escape- 

From the wool thus obtained a fine and durable doth was manu- 
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factored. The finest wai modi’ from ihe wool of the vicugna, which 
was therefore reserved for the use of the Peruvian nobles. At the 
preseat day this is rarely used, being difficult to obtain since the 
periodical hunts have been abandoned. Instead of this the wool of 
the domesticated alpaca is employed and has become a valuable arti¬ 
cle of export for producing ihe well-known cloth of the same name. 

When the Spaniards canto to South America they found the Peru¬ 
vians m possession of vast herds of llamas, which they used princi- 
pally for burden bearers. Largo troops, 50fi or even 1,000 in number, 
transported merchandise by scaling the difficult mountain pa-sses of 
the Andes, Homes and mules have gradually displaced the llama as 
a beast of burden, and these large caravans are no longer seen. The 
llama is still used as a burden bearer, but can carry only 1Q0 pounds 
or so at a time, so that great numbers arc required when there is 
much to transport. Both the domesticated and the wild animals 
live by grazing, and in captivity are fed on hay like domestic cattle, 

THE ZEBRAS, 

Among the homelike animals the zebra is one of the most interest¬ 
ing. It is un African animal, once existing m vast numbers from 
I'njie Colony in the south to Nubia in the north. Its peculiar striped 
markings make it a striking object, and it. was early sought as suita¬ 
ble for menageries. The earliest ones exhibited were from South 
Africa, and were of the form known as the mountain zebra. They 
have Ix’conte rare and are now carefully preserved by the British 
Government, Two other species exist, both of which are represented 
in the park. The finest of these, the Grovy zebra, shown in the 
picture (pi. 10), was sent from Abyssinia by King Mcnelok as a gift to 
President Roosevelt. It appears to be & favorite selection for a royal 
gift, as ihe King also sent u pair to Queen Victoria and another to 
President Grovy of the French Republic, whose name was promptly 
used by thy French naturalists to designate the species. Formerly it 
was rarely seen, though it is found in great abundance in Abyssinia 
and British East Africa, Since the construction of the railroad from 
the coast to Nairobi has opeued up this couutry, a considers I lie num¬ 
ber of animals formerly but little known have been brought to Europe. 
This zebra b more delicately striped than the other species and b also 
much larger, the animal* at the park being equal in size to & .-mall 
horse. Successful attempts have been made by the Department of 
Agriculture to breed this animal with the domestic ass. One of the 
hybrids from this union is on exhibition at the park. 

The other variety of zebra on exhibition is a subspecies of the 
Burchell zebra, known as Grant's zebra. It is a sninlli r animaL with 
broader stripes. It also is found in abundance m the region about 
Mount Kilimanjaro. 
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TJIE PACIIYDEHMS, 

The park is fortunate iti haring n number of the large. thiek- 
skinned animals known to naturalists as pachyderms. There arc at 
present three elephants, two hippopotami, four tapirs, and, a number 
uf swine of different species in the collection. 

The elephant is the largest animal that, lives upon land. He 
grows to 10 feet or more in height and may weigh many thousand 
pounds. The one in the park is 0 feet 1 inch high at the highest 
point of his back and weighs about 11,000 pounds. 

Elephan ts have huge feet and thick, dark-gray skin that hangs m 
loosi 1 folds and is covered with short, scanty heir. Their large arid 
nuwsive heads have great flapping ears and small eyes. Their most 
remarkable feature is a long proboscis, or trunk, formed hy llip union 
and excessive growth of the upper lip am I the nose. Through it the 
elephant breathes and smells; with it puts food and drink Into his 
mouth, throws dirt or hay on his back to protect it from, flies, pulls 
down trees, lifts heavy burdens, or safely picks up the most delicate 
and fragile things. It is most sensitive to touch and serves the pur¬ 
pose of a hand. With it the beast can untie knots, open doors, op 
give himself a shower bath. 

There are at least two groups, the elephants of Africa and those 
of Asia, and varieties tiro often known by the-name of the country 
they inhabit, its the Indian elephant of India mid the Ceylon elephant 
of Ceylon. The latter variety is often without tusks, and it therefore 
appears probable that the one at the park is from Ceylon. 

They aro hunted for their hides and their tusks of ivory, and, par¬ 
ticularly in Asia, ana sometimes caught and trained for use. While 
usually gentle, they are not- easily trained, being really stupid, al¬ 
though seemingly intelligent. It is a curious fact that, although so 
large and powerful, the elephant is timid and easily frightened, being 
quite afndd of a mouse or of a small dog. 

The Asiatic elephant of the park has a house to himself, where, be- 
liind the heavy bars that shut hitn from the public, ho is free to move 
about, to go out into his large iuchteurr, uiid to take a bath in his 
big tank, as shown in plate 11, Ho is fed on the best of hay, of 
which lie cate 125 pounds each day, and he stretches bis trunk out to 
visitors for other food; but, because he was once made dangerously 
ill hy eating several bushels of peanuts thrown to liim on u crowded 
day, visitors are no longer allowed to feed him. 

The African elephant (pi. 12) is represented by two young speci¬ 
mens, male and female, about 5|j end 4 years old, which were received 
from the Giza Zoological Garden. They were captured in Abyssinia, 
near the Blue Nile. They were named Jumbo, jr., and Jumbiha, in 
memory of their great predecessor Jumbo, who was probably thu 
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largest elephant ever seen in captivity. They differ notably from 
the Asiatic species both in the shape of tilt body and the enor¬ 
mous triangular vans winch overlap each other on top of the neck 
when at rest hut stand cut at right angles when the animal is ex¬ 
cited. The unties reach greater size than the Asiatic, occasionally ex¬ 
ceeding 11 feet, anti have very large and heavy valuable tusks, winch 
have caused them to he gradually killed off in the more accessible 
regions. The animal is now protected by governmental regulations. 
Its hunting is by no means free from danger, and in this respect it 
ranks with the lion and buffalo. While its sight is not very good, it 
has a very been sense of smclL Naturaliata consider that there are 
several species and varieties in Africa. In modern times it hm not 
been reduced to servitude like the Asiatic species, but it is supposed 
tiiat the war elephants used by the Carthoginmns were African. 

Tlu s park has both a male and a female hippopotamus captured in 
East Africa. Tills most characteristic and striking of the animals of 
African rivcis lives mostly on coarse herbage mid water plants, but 
often ravages the crops of the natives, doing great damage, ns it is 
an enormous eater and its stomach will easily hold 5 or 0 bushels 
In captivity it is fed upon hay and various vegctables, with a little 
crushed oats, bran, and stale bread by way of do beach's, but hardly 
eats as much as would be expected from an animal of its size. When 
adult it in tty reach a r weight of 4 tons. It thrives well in captivity 
and breeds regularly, so that many of the zoological collections of 
the world have been supplied from the offspring of captive hippo¬ 
potami. 

The tapirs also belong to the family o| Lhick^kinned animals, or 
pachyderms. They have a short proboscis, small eyes* and short, 
thick legs. They are fond of standing or lying partially immemed 
in water. When wild they feed on roots, grasses, water plants, the 
leaves of certain trees, and sometimes on cultivated crops, to the 
inconvenience of planters. In captivity they arc fed with ordinary 
garden vegetables. The adult tapir is of a dull, dark brown color, 
while the young are marked with gay stripes and spots of yellow and 
of white. They lose these markings after sdx months or so. 

The little fellow shown in plate 10 is one of several Isom in the 
park. He was tame and good tempered. 

THE GREAT CATS. 

1ft ithin the lion house arc, besides many other animals, a number 
of large cats, such as lions and tigers. The tiun shown in plate 14 is 
one of five presented to the park by Mr. McMillan, of East Africa. 
I hese wore caught when quite young cubs and reared by hand at 
Nairobi. They arc distinguished by very heavy and powerful hind¬ 
quarters, and are of a beautiful tawny color. 
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Such iinimnh os this caused a great deal of trouble during the 
building of the railroad from Mombasa to Nairobii, frequently carry¬ 
ing off the native workmenj mid even tearing open railway cars to 
get at their occupants. 

A Kon of quite a different type, slate colored and more slenderly 
built, was formerly owned by the park, being obtained from a woman 
in West Virginia who had reared it from birth by means of a feeding 
bottle. He wus vary tam e and used to run about the house freely* 
but finally became too troublesome to bo tolerated. Always very 
playful and tractable, he showed so much affection for Ids keeper that 
it inclined one to think that the old story of Andmclea and the lion 
umy not have been altogether fabulous. 

lie showed an unusual aptitude for train big, alio whig his trainer 
tu handle him freely, apparently enjoying the exercise as a sort of 
play. 

The lion once ranged over nearly the whole of the Eastern Conti¬ 
nent, but in recent times is to be found only in Africa (in many parts 
of which he k quite exterminated) and in southern A*itu 

The male k dktingukhed by a flowing mans and a brush of long 
hair at the end of the tail. His pose, with the head thrown up to 
keep his mane out of hk eyes, k very commanding, mid has gained 
for him the title of the Ci ldng of beasts / 1 but the female, slinking 
ate&lthily along with her head lowered, has a less noble aspect. 

There art- no true lions in America, although the puma, or cougar, 
a wild animal that is found in parts of both Nort h and South America, 
k often called the mountain lion. Conflicting stories art; told of it. 
In the north it k said to be bloodthirsty and dangerous to man, while 
in the south it h disposed to be gentle and friendly* It lives upon 
flesh, killing wild ammala and even birds in uninhabiteil regions, and* 
in times of scarcity* iioi^es, cattle, and sheep are never safe in its 
vicinity* 

The park has a beautiful puma which is very tame and likes to bo 
petted. Ita color k a warm gray* Other specimens are found of a 
yellowish or of a dark brown color. 

The tiger k a native of Asia, abounding particularly in the jungles 
of India and the Malay Peninsula* but. also extending northward into 
Korea* Manchuria* and the adjacent islands. Its appearance is not 
m noble and majestic as that of the lion* but its lithe and graceful 
movements anti its sleek* shining coat* in color bright tawny striped 
with black above, and pure white below* gives it a kind of fearful 
beauty that the lion does not possess. Quite as large as the lion, the 
absence of mane makes the tiger appear smaller* and there k much 
controversy as to which animal k the stronger* There is no doubt 
as to its terrible power and bloodthirsty nature* During the torrid 
heat of the summer day it seeks tins shade* coming out at night to 
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hurt tU prey. Tigers may live altogether upon wild game found iu 
the forests or upon domestic cattle* It h estimated that at least 
20,000 head qf cattle are carried off by tigers iu India during a single 
year* Alter becoimng accustomed to cattle stealing and overcoming 
their natural fear of man, they not infrequently attack human beings, 
Tlie man-eating tiger, as he is called, w the most terrible of beasts* 
He is crafty and moves so noiselessly in the darkness of tin- night 
that he has been known to snatch people from their beds without 
awakening neighboring slecpm* While not go numerous as formerly, 
tigers are still a scourge and a menace in many parts of Asia, 

Tigers caught, when very young may bo tamed, but they can hardly 
bo said to be ever safe ns household pets. Any flesh-eating animal, 
even if reared in captivity and fed on milk, rice, and similar food, 
may seem to bo quite tame and harmless; but if it gets tho sight and 
smell of blood or bloody flesh p its innate instinct asserts itself and it 
becomes ferocious and is no longer to be trusted. 

The animal shown in plate 15 is a largo specimen, probably from 
Central India, On a hot day he was very fond of lazily immersing 
Idntself in a tank of water, very much os he would have done in his 
native jungle. The artist has caught him in the act of yawning. He 
was quite unmoved by the presence of visitors, and in order to show 
him at bis best it was necessary to rouse him from bis sleepy altitude. 

The American jaguar is often called the tiger, or + “ tigro/ H by tho 
natives of South and Central America. It resembles tho leopard 
much mure nearly, as it has the same general structure and a similar 
coloring p though its spots arc larger ant! arranged in group. It is 
much heavier than the leopard, and has enormously powerful jaws* It 
ranges from Patagonia to the northern boundary of Mexico, and has 
oven been found in the United States. 

It preys upon all wild life iu its region—animals, fishes, and even 
birds—but- randy attacks man. In tho southern forests it some Linus 
lives in trees, but it is found also on tho treeless plains, showing con¬ 
siderable ability to accommodate itself to changes of climate, food, 
and general condit ions. 

Those who live in the country in Canada or along tho Canadian 
border have doubtless heard of tho 'iudfeo" (French loup carrier), or 
Canadian lynx, about which blood-curdling stories are told* Tho 
animal certainly has a must ferocious aspect and it is not strange 
that its weird, unearthly, screeching cry, it# glaring eyes and erect 
hmr 7 seen in the dusky wood, should frighten tho casual passer-by and 
load him to seek the shotgun kept for such emergencies behind tho 
kitchen door* The early French sotUem gave it tho name of loup 
carrier {deer wolf) from iu supposed habit of springing item trees 
upon the backs of deer and drinking their blood. These, however* 
aro merely woodsman's exaggerations, for tho creature does nut kill 
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anything bigger than a rabbit and never voluntarily attacks man. 
h is really rather timid, and it a ferocious appearance ri for r-rT--«- r 
rather than otherwise It ia found throughout British America and 
the northern border of the United Stairs, and greatly resemble* the 
European 1 ynx that owe* its name to its supposedly piercing vision. 
In the central or southern United States its place m occupied by 
the bay lynx* or “bobeai/ J of which there are several species at the 
park. 

The leopard* or panther, is found both in Asia and in Africa* and b 
next in size to the lion and the tiger. From hi* stealthy habits lie is 
more to be feared than either. Ho moves with marvelous agility* 
springing upward without apparent effort to a height of b or 7 feet* 
like a feather blown by the braozo. He runs us lightly as a squirrel up 
trees and Be* along tho branches* Hidden by the foliage, through 
which ills spots seem liko the light and shade of the shifting leaves* 
and from his concealment drops upon id* unsuspecting prey. J Jkfi all 
cu1* T he lives upon the flesh of other animals. Because of this ho is u 
dreaded and hated scourge in the agricultural regions, where ho 
devours the herds ant! flocks. 

Tho leopard varies much in si£o and color. It is usually of a bright 
fawn, but may bo black or* very rarely* white. 

Tho distinctive characteristic of the leopard are the spots which 
cover the body and even the tail of tho animal* of a darker color 
and often arranged in rosettes, shading from Mack on the outer edge 
to n light center. Even in the black leopard the shape of i hose spots 
can bo discerned. 

The park has a fine leopard, received from Aden, Arabia, a beautiful 
female presented by Mr, McMillan, and a black leopard of very fero¬ 
cious aspect, seeming tho very incarnation of deriliah malignity. 

Another specimen that may be seen is the serval, an African cat of 
quite a different- aspect* haring legs so long as to almost give it tho 
appearance of walking upon stilts. It is of a light tawny color* 
with rather widely separated black spots. It has very much the same 
habits m its .American cousin, the bay lynx. 

Specimens of the very pretty spotted cats from Central and South 
America* known as the ocelots, may usually bn seen at the park. 
They vary considerably in the pattern of their coloration, but have 
usually a ground color of warm gray on which blotches and stripes of 
black occur. Wien young they are as tame as young kittens and are 
quite as play fuL One was kept for seme time in tho office of the park, 
running about the floor in complete liberty. 

the bears. 

Bears are found in nearly every country in the world, from the 
frozen north* where tho great white polar bear lives on the ice and 
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show, catching seals for food, to southern India, where the bear of the 
jungle hide® in caves in the rocks, feeding on vegetables, fruits, and 
wild honey. Bears are of various colors—white, black, or brown, 
often with distinctive markings—but, they idl walk with apparent 
awkwardness, flat on the soles of their broad, heavy feet. Tko 
awkwardness is only apparent, however, for they can run with can¬ 
al demblo rapidity, and some kinds can climb trees. The polar bears 
eat meat and fish, while others live chiefly an vegetables and fruits, 
occasionally eating Cali or sheep, and in captivity are fed largely on 
bread. Boors are easily trained and often, when caught young and 
kindly cored for, aro gentle and become fond of their keepers. Tho 
polar bear is tho most stupid of all, while the jungle bear of India and 
the brown bear of eastern Europe ere the most easily taught to donee, 
play tricks, and otherwise obey their trainers. All bears ore very 
playfU1 when young, and when alone or together tumble, turn somer¬ 
saults, and mn about for sheer love uf exorcise, like puppies or 
kittens. Most countries have bears that are not found elsewhere, 
hut the brown bear is common to many lands. The real Americana 
are the black and grimly bears, Tho black bear is still tu lm found 
in the deop woods, which ho loves, hunting berries in summer and 
curling up for a nap of several months when win lor comes and ha 
can no longer iinJ food. In captivity bears often remain awake and 
active ad winter if they are regularly fed; but in the wild state they 
hibernate or sleep through the long, cold winter of the temperate 
and frigid zones. 

Tho most ferocious of all bears is the grisujy. TIis great size and 
strength mid the fact that he eaIs fla& make him feared bv both 
Iwnsts and men. Animals avoid his haunts, but men seek him, both 
fur tin* sport of the hunt and to obtain the bountiful heavy pdt with 
its thick, grizzly gray fnr. The grizzly is the only one of (ho bear 
tnbo that attacks man unprovoked, and even ho has been known to 
t urn anil walk away W'hon met by a man who stood quietly, showing 
no fear and not offering to attack. Hq was long thought to be the 
largest of the boar species, hut ike Alaskan hear shown in plate 17 
no a disputes this claim with him. This specimen weighs ] ,100 
pounds, stands .'I inches high at tho shoulders, and can toko an apple 
from » stick held fi feet, i{ inchtw from the ground. Ilq was brought 
to i he park when a cub, and is now M years old. TJiu sUo of his 
mother's skin was 11 feet S inches from tip to tip. The cub of the 
bear when born is very tiny. not much larger tfimi a rat, und it does 
not open its-eyes for lo days, during which time ihu muther bear 
keeps it from all light. 

h( * a f ™l*tivc of tho bears ia the frisky and mischievous little ani¬ 
mal which we cull the raccoon, but which tho Germans CJi ]L tho 
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wuschbftr, or washing bear, from Its habit of puddling in the water 
a: id wott tug itfi food before on ring it. These creatures inhabited this 
region before tho park was established, And their tracks nra even now 
occasionally swn along the crook at the water’s edge. A whole tree 
ts devoted to them, where they may bo aeon hanging upon the limbs 
in various positions. 

Tim monkeys. Tire mm 

An entire house at tho park is devoted, to the monkey tribe, or 
primates. Nor is this any too Jorge, for if the principal specirei 
only were exhibited, twice or three times tho area would be required. 
The great manlike apes are at present lacking, though there wok 
ones a very intonating female orang on exhibition. Both Old World 
anil New World monkeys are here -baboons from Africa and Arabia, 
llii' graceful Diana monkey front I he western coast of Africa, macaque* 
of various kinds, t he t humid'-ss spider monkeys, the capuchins are I 
the “weepers” of South and Central America, besides Imams 
from JfsdagiLHcar, One of the most mischievous of this tribe is a 
young mandrill, whom the keepers 1 1 uve christened "Nappm." 
Ha stations himself at the front of his cage, apparently quiet and 
listless, and if an unwary visitor attempts to rouse him bv thrusting 
out an umbrella or a hat. ho ins tan l ly soizes the object with his 
powerful hands and team it. to pieces, Notwithstanding (he utmost 
watchfulness on tho pun of tho keepom, lie hits at present to his 
discredit 59 umbrellas mid over fiO hats, among which is a police¬ 
man’s helmet. He could not gel. this stiff object between the bars 
of his rage, but hr- managed to destroy it. before it could be rescued. 

South America in the home of tho sloth, n creature with long, 
irregular limbs, that lives in the trees of tropical forests. It is of a 
very low order of development, seems to have little intelligence, 
moves slowly about on the trees, hanging head downward, tho claws 
of its long arms clasping the branch above. Its body and limbs are 
covered with course, brittle hair on which, in the damp, hot sir of the 
&out It A me 3 bun forest, a vegetable growth attaches, making the 
creature soeni a pari of tic tree itself, thus successfully hiding it from 
view. When it is removed from its native forest into a drier atmos¬ 
phere tho green alga on its hair dries up and falls off. leaving tho ani¬ 
mal a dull gra\j with or without stripes or other marks, according to 
the species to which it belongs. It is not at homo on the ground, its 
lo 8s not being adapted to walking. Its food ia the young leaven and 
tender fruits of the forest trees. Aa is the case with most creatures 
of a low order, the sloth is a night roamer, taking his sleep curled up 
and looking like a moss-covered bole of a tree during the light of day, 
mukitig his slow journeys and eating his simple food by night, when 
ho probably sees better than in the day. 


jln^TA! HEPPUT SjliinBOff 1A?T INBIITUHOK r 
IIEAYETC&- OTTEIta. 

Mention has? already been made of the secluded valley, parallel 
to the main road through the park from the western entrance m 
which are pools for the leavers and sea linns, together with other 
indostires, Plato 21 shows the condition of th» valley some years 
ago. when the work of the beavers was more extensive than at present. 

Ihe American beaver, which resembles closely the European 
animal, was once very abundant throughout the United States and 
Canada. The Du tell company (ha), founded the State of New Yam 
used the heaver as an emblem on the coat of arms of the colony 
because nf its abundance and importance, and it is said that the 
Hudson Bay Fur Co. often exported more than 100,000 beaver skins 
per annum. Its fine, soft fur was a source of great profit to trappers 
ami hunters. This led l« n merciless pursuit of the animal, result¬ 
ing in its practical extermination in the United Stall's, it being now' 
found only in thinly settled forest regions and in the Ytdlowstono 
Park, where it is n are fully guarded and preserved. 

Traces of its former existence may be seen in many parts of the 
country, consisting of dams, some timers btuidrmb of feet In length 
and of very considerable width, evidently the result of tong years 
of wurk of successive cLdnmes of beavers. In tile course of time these 
dams btvami solid embankments, upon which large forest trees 
flourished. Small ponds and lakelets were thus formed, these being 
[itirlicularlv numerous upon the smaller affluents of the rivers of 
Canada, New York, Michigan, Wisconsin, and Minnesota. These 
ptinils gradually filled up with growths of moss and other plants, 
forming a peaty bug from which trees were absent and which then 
supported grass. The early setilers termed this a " beaver meadow." 
The lower part of the city of Montreal is built upon such a forma- 
tion. and there are many such indifferent parts of the! nited States. 
Not less than 54 towns in. this country have been named from some 
nut oral association with the beaver. 

The beavers In the park, following their natural instincts, have 
built, in all, three dams, two of which may be seen in plate 21. 
They did this work, enormous when considered in the aggregate, 
uuaided, cutting down all unprotected trees and bushes within their 
inclosure, gnawing the trunks and branches into lengths suitable for 
trims per Lation, dragging them for some distance, and piling them 
in a svst cm otic manner across a little rivulet that meandered through 
the valley. Considering the means at their disposal, their method 
would do credit to any civil engineer. They plane the bottom layer 
of sticks with the heavier ends downstream, intertwine them with 
slicks and brush, weight them down with stones where the greatest 
pressure is likely to occur, ami plaster the whole with mud from the 
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stream. The dam m in this maimer built up until the water rises, 
forming a pond. The upstream side of the dam b nearly vertical, 
and in the course of time becomes fairly regular, the lower or down¬ 
stream side being much more sloping and remaining rough* At 
first the water percolates through the interstices of the structure 
but m the dam gets more compactly settled the water ris*^ nearly 
lo its top. 

Having completed the dam, the beaveis proceed to build, on the 
edge of the pond, u house or lodge, pursuing the same method of 
construction liv interlacing sticks. Within k a chamber, usually 
about 5 or 6 feet across and IS or 20 inches idgh t having i\ firm, hard,, 
level floor, made of small twig* and chip# imbedded in earth, a fow 
inches above water level. On this floor they place some dried grass 
or loaves. Here the beaver sleeps and rears bk family. The lodge 
is entered from an inclined passageway commencing some 2 or 5 
feet below the level of the water in the pond, the purpose of the 
dam being to rake that level sulliciently to conceal the entrance and 
thus protect the animal from its enemies. 

The beavers are constantly at work repairing or altering the dam T 
sometimes cutting channels through it to lower the water, more 
frequently plastering it up and extending it. The dam now in the 
park, the third one buih t has been repaired and reconstructed by 
them several times. This interesting work is done mostly at night; 
flu ring Lhe day the animals stay in their lodge and are not seen by 
visitors unless It he early in the morning or late in the afternoon. 
Like most nocturnal animals, the beaver docs not sec well in a bright 
light* 

In a wild state the beaver feeds almost entirely on the bark or 
tender wood of the aspen poplar, the willow, or other soft-wooded 
trees. As he does not hibernate, he usually stores up a supply of 
twigs of this kind just before winter, immersing them in water near 
his lodge. In captivity he becomes accustomed to more civilized 
fare ami eats bread, roots, and other vegetable products, and occa¬ 
sionally mar get a Utile bark. In order to digest such refractory 
food, lie has a large macerating pouch, larger indeed th a n hh stomach, 
corresponding to the appendix of the Intestine of man. 

The beaver is enabled to do his extraordinary work by means of 
extremely strong chbeWhnped makom* or front teeth, which are 
separated from the others by a considerable interval and are actuated 
by very powerful muscles. Ho will bite a broomstick in two with 
ease, and fells largo trees with no aid whatever, merely by gnawing 
around the entire circumfenmee. One of these trees may be seen 
in the upper left-hand corner of plate 21. IF caught in a steel 
trap, a beaver will sometimes free himself by gnawing off the limb 
that b seized. In one instance this was done three times; ho that 
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the hi ijmtil, win n filially captured, hud but one efb'ctivn leg. Hie 
American ItidianR, before they became acqiuimtpd with (In 1 iih’ of 
rnm„ used lliesr formidable teeth of the beaver as gouges and chisels* 
In other respect* tiiso the animal Is excellently adapted for this 
work- He readily stand* upright on hk hint I legs, us may be seen 
in plate 22. This k the posture he u^umes when gnawing 
urnuud a tiw in Order to fell it- His forelegs and paws are capable 
of bolding and clasping, very much os dn the lmuds nmd arm* of 
man. It is with these that he carries hiss load of twigs, stone*, 
and mud with which he builds. His hint! feet are powerful poddies, 
and he am use his Hat, scaly tail to guide Mm hi swimming. When 
alarm* ! I T hr gives a re^otmding ship upon the water with his tail, 
dives, mid seeks the security of his lodge. 

Near the pen ill which Lhit heavens are confined are smaller inelo- 
res for gnawing animals of similar habits, sueli jls th.- mu^kmi sind 
the coyp u or nutria. 

The muskrat is a nntuni] inhabitant of the park, votonka of them 
being found in several places rinug the lambs of Rock Creek. More 
tolerant of csivilMatba than hk cousin the leaver, he is also more 
prolific, and i* consequently found in considerable numbers througli- 
tuii the United States. He is smaller than the leaver and, like him, 
lived in lodges made out of small twigs or in bmrows hollnwwl in 
the hanks of streams and ponds, the ontrtiiie-e being tdvravK under 
water. The fur is sold extenshrely, usually under some disguising 
n&rae, as 11 river mmk; ,K or ,h Hudson seal" 

The eoypu, also catted the nutria, the South American water ret, 
ot ter. or beaver, is u native of Argentina, Chile, and Peru. Its habits 
are like those of the muskrat. 


Adjoining the beavers' melmams lb tho sea-lion pool, nn artificial 
bflBin so ini' 06 foci long, 47 feet wide, and 6 feet deep, through which 
fresh water constantly flows. Visitors often ask whether these ani- 
nnils in a wild state found only in salt water—can properly thrive 
in such a location. There has been no difficulty in keeping thorn in 
ynnd health, for, being air-breathing cmatuirs, they do as well jn 
fn-sh water as in salt, provided they get plenty of fwd and excivL^ 
Two different species are shown-the California bc r lion, familiar 
to those who have Tinted the Cliff House, near Golden Gate San 
FmiKwn, and the northern or Roller Bei lion, a W„ f oun( , 

pnnr-tpnlly m Bering Sea. The California specks emits a loud, sham 
bark, which it keeps up almost incessantly and which reminds one 
more of a dog than a lion, while the northern animal makes a mitri ™ 
noise, remotely resembling that of a lion. 45 

These animals swim with great rapidity am! ease throughout the 
wlmlc wtent «f On pool, gamboling ami playing about, each other 
end It » interesting to sec how expert they are in seizing the fish 
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which are thrown to them as food. On Und they are clumsy and 
awkward* pulling themselves along by their flippers, which resemble 
ii fbh's fin ra ther than the limljs of a mammal, which they really are. 
When they wish to rest they seek some shelving spot on the gravel 
that surrounds the pool ur perhaps crawl into the house uf piled 
ho widens which may be seen at the lower end of their inelosure, where 
there is a plank floor and shelves on which they may lie in quiet. 

Under the rliff at the southern limit of the park are found some 
near relatives of the sea lions. Here is a fur seal from the Pnbilof 
Islands, the animal to which wo are indebted for the sealskin used 
for articles of apparel It was only recently that it waa found 
possible to keep these creatures in captivity. This one was taken 
from its mother and roared on a nursing bottle like u baby. For a 
long time it would not eat the fish which was given it, but now 
it has become accustomed to that diet. It b one of the most grace¬ 
ful creatures imaginable when swimming in a tank of sufficient 
size to show its evolutions; but, like the sen lion, it prograew with 
some difficultly on laud. The fur seal spends the winter in the open 
ocean, but betakes itself to certain definite localities on the shore 
during the summer and autumn for the purpose of rearing Us young. 
When the time for this migration comes the seals, in vast schools* 
swim swiftly, unswervingly, often hundreds of miles, to their breeding 
place, showing that HJ homing" instinct su puzzling to naturalists. 

Next are several harbor seals from the coast of Maine, intelligent: 
looking Httie animals, with faces astonishingly human in appearance. 
One can easily conceive that the fable of the mermaids or mermen 
might arise from an indistinct view of these creatures through fog 
or mist. 

In separate in closures above the beaver pea are found the otters, 
animals that, like the seal, feed upon fish, and swim to catch them 
with great rapidity and ease. Unlike the scab ami sea lions, they 
have well-developed ami perfect limbs tmd arc aetive and agile upon 
land, but whon swimming in the water they look veiy much like small 
harbor scab. They are very playful and may often be seen swimming 
about balancing a sin all stone or pebble on their he ails. Where the 
ground b suitable they make slides, down which they const into the 
water, anti they also do this in winter on the ice and snow. They 
have a curious habit of always wetting lheir food before eatiug it. 

In eapLivity otters become very tame and readily coma to the coll 
of their keeper, or indeed of any visitor. They are so active that it 
is very' difficult to photograph them. They have a strong antipathy 
to d ogs and the sight of one put s them imm cd i a i ely i n a rag#. Thu ugh 
comparatively small, they are quite strong, and a full-grown otter has 
been known to kill a dog bv seizing it by the nose, dragging it into the 
tar tip— an iei4-—so 
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water, and drowning it, The dog chji not well got hold of tio otter 
because of its slippery coat. 

Although a somiaquatic animal, always sou king a home near small 
lnkw or streams, it is said to make quite long journeys overland from 
one wa tereourw to another, always going around or under obstacles 
instead of climbing over than. It is widely but not profusely dis¬ 
tributed from Canada to Florida, and closely related species nro found 
in Europe and South America, 

The fur is quite valuable and would probably be more generally used 
wen: it easier to obtain. Three thousand three hundred skins were 
reported to be sold in the June sales of the Undon market. This 
ftjmnal must not be confounded with Lho closelv related sea otlor, 
found only in the Arct ic regions, which product's one of the most valu- 
Him fiirK krK>wn to commerce r but is now nparlv oxtmet- 

Tlu-re e«ii usually be seen at the park a number of other small fur 
bearing animals, such as the marten, the fisher, the mink and the 
griped skunk, a ven interring and sociable animal when deprived 
of his scent bugs. The skunk Ls usually very easily t amed, and oven 
m a WMld State show* but little fear of man, relying rather upon the 
dread which Us mil lira l means of defense inspire. The black-footed 
ferret, an intelligent and iictiw little animal from the plains of the 

\\mt. may also be seen here, and its relative, the common ferret, used 
for externiinMmn; ruts, 

^either are there wanting certain indigenous animals, the remnants 
of tlm ortgimd wdd stock that inhabited the land before the park was 
istnblfahrd. Once, walking along the main road in the nark, I c hange d 
to nieet a weasel who had so fearless and aggressive an attitude that 
\ * , II " 1 hu[ ' vhftt lu ' was about to dispute mv pus™. It is no 
doubt to such marauders that we owe the loss of » good many sped- 
mr-jw from t ho jmndz for ui|uatic birds, “ 

TTIE 4IXIG ACTORS- 

When the fur seals first name to the park there was built for them 
close by the heaver pen, a fine swimming ,kk>I, but experience showed 
l hat this situation was too hot for them in our long summer davs and 
the poo was given over to the alligator*, although thev seem rather 
out of place here among t he fur-bearing mammals. About a dozen of 
ihi'st' unpleasant-looking saurians, of all sizes, may be seen here lazily 
jflikujg in i if sun. Ixit any unusual noise or movement occur near 
r 1 . ir u tv lost ip* and they at once scurry into the water, where thev 
lh>at, looking very much like submerged logs, with but little more thak 
tho nostrils, ei ew. and dark knobby back visible. These animals were 
foimeriy quite common in the southeastern parts of the Unite,! States 
but at present. Owing to the demand for their hide* and the f ftct , ha t 


SfnilllMir.ij'l ftapoff, S9E4 — PluATE 2G 



Thvlachne or Tasmanjan ZcrnA Wolf. 












SfliNRia^lan Ripen. 1314—■ 


Plate 27, 



Virginia 



Kanqahqq LjEAFIHG 



Kangahoos Stahuincl 
























ZiATIOKAL ZOOLOGICAL PAttE—"EAKE&, 


467 


tourisis seem to take a particular pleasure in shooting them, have 
become comparatively rare, The demand is m coils id eruble that they 
arc roared fur salcj Visitors to Florida often bring home young ones 
ag curiosities, mid then, as the creature grow larger, find it incon- 
venieni to keep diem, so present them to the park. They grow mrher 
siowh„ die largest finally attaining a length of about 10 feet. The 
largest spceinum at the park knot mure limit 1U feel long and has not 
grown in length since hk arrival 20 yearn ago. In the wanner climate 
of its native haunts it might have reached a larger size* During the 
cold season Alligators remain quitci torpid, rating but little, and moving 
about but slowly. They can not endure die cold of winter without 
protection, and in Florida they bury themselves in the mud, t run 
informed that one that escaped from confinement at White Sulphur 
Springs- W. Va., burrowed In beside a heating pipe, and came out 
safe and sound in the. spriitg. When excited or angered they emit a 
peculiar hissing noise, and if they hear any distant, loud sound, like 
quarry blast mg, they bellow' like bullfrogs. Plato 2 3 shows the largest 
one in die* Oc t 1 >f y aw i i i rig, TI t ey a m m >t < ■-pee i n 11 y dm lgerou atom an, 
but are very apt to snap up bub dogs ihat conn? within their rem h. 

Their runs ins, the crocodiles* arts much muro vicious, snapping and 
biting at anything approseddug them* The few that have been at the 
park have been particularly hard to manage un Lkat account, 

THE POUCHED AM HALS. 

Tin* park poascsscft a number of specimens belonging to the very 
interesting group of marsupials, nr pouched animals* so called because 
their young, born at. a very unmatiiro stage of development* are imme¬ 
diately transfer™! by the mother to a peculiar puurh on die belly* in 
which they remain for some months, aitached to the nipples. Most of 
these strange creatures are found in Australia and the adjscent islands* 
where the ordinary forms of mammals are almost wholly wanting. 
Different habits of life have caused these animals to vary much as do 
those of oilier dimes, and we have vegetable feeders, flesh eaters, and 
iusocL eaters* approaching in form the animals of similar habits in 
other regions, Thus there k a marsupial that the colonists have 
termed a bear, another somewhat like a cat, others resembling rats 
and mice, and one very like a flying squirrel. 

One of the most striking forms k the so-called Tasmanian zebra 
wolf, or thylnciaa, shown on phi to 26. This animal k also colled ihe 
pouched dog* and is T in fact, more like a dog in appearance than a 
wolf. It Is a fieah eater, and has been nearly exterminated by the 
farmers, who can not tolerate its incursions into the sheep pen and 
poultry yard. It k of a slate color, with black, zebnilike stripes. 
It k found only in the island of Tasmania, where it lives id rocky 
caverns, coming out mostly at night. 
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To the Ycgetable-eating group of marsupials belongs the kangaroo, 
an animat that greatly excited the wonder of the discoverer* Capfc, 
Cook, and HU follow voyagers when first discovered. As will be seen 
from the ill nitrations, it has very short fore legs and very long and 
strong hind legs. It seems rather awkward when walking on all 4 
feet p but when disturbed gets over the ground with great rapidity by 
taking long leaps, sometimes of 20 feet. When sitting upright on 
its hind legs* supported by its tail, which is its usual posture, those of 
the larger species are as tall as a man. The colonists therefore gave 
to the adults of this mm the name of " 1 old man/' In their native 
country they arc usually found m flocks or droves of oG or BO animals 
and, like sheep, invariably follow' a leader when on the move. There 
they feed upon the tender young shoots of grass and other plants] in 
captivity they adapt themselves very readily to a diet of garden 
vegetables. There are a number of smaller tree kangaroos not larger 
than a house cat. In the park several kangaroos are kept during 
the summer in a large paddock, whore they nibble grass and lie under 
the shade of the trees. At night they go into an open shed much as 
domestic animals would do. They are very timid and at any unusual 
sight or noise jump swiftly away. If they have their young with 
them, which k not infrequently the case, it k interesting to see the 
little ones jump hastily into their mother's pouches for concealment. 

The only representative of the marsupials native to the United 
Slate* h the opossum, which k t in fact, indigenous to the park and the 
surrounding country. This animal lives almost wholly in irees, and 
has a long, prehensile tail and cbaspiiig hands and feet that make it 
vary expert in climbing. It* diet is quite miscellaneous, fruit, roots, 
bird* eggs, and si nail mammal* ..ill being acceptable. like moss, 
other marsupials, it is most active at night and is dazzled by a bright 
light. 

in the Southern States the opossum, when well fattened, h much 
esteemed by some as an article of food. During President, Ronae- 
volt's administration these animal* wore frequently sent him from 
different parLs of the South and were then promptly turned over to 
the park. 

Another pest of the farmers in Tasmania, which has earned its 
title by its lighting qualities, is the Uncalled Tasmanian devil, a 
short, stubbed animal with a largo head. Although small, it can 
easily whip a dog of much larger size. In color it b black or very 
dark brown, with a white band or spot at the neck. Its teeth and 
jaws are large and powerful, imd it cracks bones with the greatest 
ease. Retiring ra the shade or to a cleft in the rock* during the day, 
it prowls about at night to prey upon other small animals, and even 
upon sheep, which it destroys in large numbers. Its general repu- 
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tati«n is bad, os it is said to bo untaniably sullen and savage. The 
specimens kept at the park do not seem to confirm this, as they have 
licen reasonably docile, not unlike other animals of limited intelli¬ 
gence. It naturally shuns the light, stays in u dark comer of its 
cage, and, when disturbed, is likely to resent it by snarling. We are 
apt to forget that in captivity we place animals in extremely unnat¬ 
ural conditions and force them to endure the sight of man, who is to 
them an object of the greatest fear and distrust. 

The park baa quite recently acquired a wombat, one of tho larger 
marsupials of Australia—a herbivorous animal that looks like an 
enormous woodchuck or groundhog, and it is not dissimilar in its 
habits as it is a burrowing animal living upon roots. It is sluggish 
and quiet in captivity, usually sleeping during the clay. 

The echidna, or spiny nnteater, is another strange creature from 
Australia, being extremely interesting as showing the intimate rela¬ 
tion which exists between the lowest mammals and birds. It Ls not 
very large, being from a foot to a foot and a half in length. It has 
a long, homy bill, no teeth, a slender tongue which it can protrude 
to catch the insects on which it feeds, and sharp spines are mingled 
with its hair. Though in a sense it suckles its young, it lays eggs us 
do birds and many reptiles. The specimen shown in plate 28 was 
at the park for some time. Its natural food is white ants, but as 
these were not available, it was fed mostly on finely minced hard- 
boiled eggs. It kept constantly hidden under the straw that was 
used us its litter. Mr. Le Sotief, director of the zoological garden at 
Melbourne, informed ine that when placed on soft ground it quickly 
burrows out of sight, and if pulled away clings to the soil by erecting 
its spines. He once saw one with a dead snake wound around it. 
'Ha- reptile bad tried to crush it and had been pierced by its spines 
leaving the. echidna unhurt. 

In superficial appearance the echidna is not unlike the European 
hedgehog shown in plate 28, specimens of which animal mav 
usually be seen in the park. The latter fe, however, onlv distantly 
relate if to the echidna, as it brings forth its young alive and is in 
many respects of a much higher order. In this animal also the hairs 
have been developed into spines which are used as a means of defense. 
On tho slightest intimation of danger it tolls itself into a compact 
ball, with limbs and head perfectly concealed and sticks out its spines 
in every direction. It is able to do this by means of a powerful layer 
of muscle that lies immediately beneath the skin. This animal 
should not be confounded with the American tree porcupine, which, 
on account of the spiny character of its hairs, is often called a hedge- 
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THE REFTXLRB* 

The park does not as yet possess a perfectly appointed reptile 
house, consequently the few reptiles in the collection are exhibited 
in a somewhat unsatisfactory way in the Hon hotted* There are to 
be 8«n a number of boa constrictors, an anaconda, several large 
rattlesnakes, a copperhead, a w ater moccasin, a number of harmless 
snakes, the celebrates! Gila monster (a species of lizard), some iguanas, 
and last, but not by any means least, four giant tortoises from Llie 
Galapagos Islands.. 

These tortoises are very iuterestmg to naturalists, as they ara the 
surviving representatives of gigantic reptiles tliat were formerly 
widely distributed over the surface tif the earLh, but are now nearly 
extinct. They exist only in scattered islands in the Indian Ocean 
and in the small volcanic group of the Galapagos, SO0 miles west of 
South America, directly under the equator* They were formerly 
extremely abundant there, so much so that the Spaniards named the 
islands from them, the word “gmlapago” meaning, in Spanish, a land 
or fresh-water tortoise. Their abundance led, however, to their 
dost rut- turn, as they were found to be excellent food and easily caught, 
su that ships would slop at the island# a ml take on hundreds of them 
a= a welcome supply of fresh meat. They arc vegetable foodm, in 
captivity rating lettuce, cabbage, and other vegetables; when at 
home their principal food is a species of cactus and some acid berries. 
They are believed to 1 h? very long lived, Kpcdmens of the East Indian 
variety being known to be at least 200 years old* As they grow very 
slowly, it is probable that the specimens hi the park am already of 
great age, though they are of modern to weight and shu for these 
anirnsb, the largest weighing only 170 pounds and measuring slightly 
less than 3 feet long, while specimens have l>een collated weighing 
401) pounds and measuring 4 feet, and fossil specimens are known at 
least 0 feet in length. They arc quite strong and easily walk of 
with a small boy or even a man upon their backs* m may be seen iu 
plate 29- 

Mr, Walter IlothschlU sent an expedition to the Islands in 1SQ7, 
and it is from him that theso specimens wore obtained* They 
represent two different species, inhabiting two different island#, for, 
strangely enough, those in each separate bland have peculiarities 
shghtJy different Iro m the others. The following account of these 
intonating creature# is from the Journal of u Cruise to the Pacific 
Ocean (1S12-1S14), by Capt- David Porter, United States Navy: 

They [the *hir*l hod Imkr in at Jam on 1 aland and had supplied tinsa&olvfca ahim- 
t km El y with then* eitmailiiLuy auiumli, the Lnrtai*« of the GaJflgfep^ which prop¬ 
erly dwrva the imme wf the cIv[iIuull EnrbalH. Many ol them uf a 
weigh upwud ef three hundredwd£hi p md nolliing, p*riuar*. am be more disagree- 
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»h|Mor t-lumay than toey are la thfltr external uppeonure. Thro* nuiiwn rwctublaa 
alronglv that of the elephant; thdr atep slow, regular, and heavy; they anythin 
bodvabout a loot from tfte smimd, and tho-ir U& and fa* hear no alight rm-mbto.cc 
tr, the animal which 1 have likened them; Their neck u taw IS inches! to 2 feet in 
lonetii and veiy riecder; their hetw! is propnriiojied to it and rtmngly iwctnhlw that 
of a fcmcrn; but. bidww and divine t* fa thdr appearance, no 
■ibly afford a more whcdea'mc, hwriou*, and delimit*! food toau they da. The fmect 
green turtle la flo more to be ^.eipon*! to them in point ofciccllenre than Use 
oorocot hoof is to the finest v«d. and of tot once taming the Gakpagt* turtou«> every 
other animal food fell greatly In otir wiiwntwn. Tho» animals a™ * fat i> to 
require neither butter nor Urd to ewh them, to* ihfa fat does not poew* Hint doymg 
quality common to that of roost other animal*: and, when tried out. it furnishes an 
oil suwriur in taste to that of the olive. The moat of this animal i* too era* "f 
digeetfou, and a quantity of it, osceodLng tool ofany other food, can he eaten without 
eiiHiriem ing the dighttat incoflvenionee. But what wtii too most oxime rthnoiy 
in this aninrnl fa the length of time that it can «fat without food; for I have been 
well uMiued Uiftt they have been piled away among ihtrwk- in the hold of a "hip. 
when,' they have boon kept 1$ month*, and. when killed m dm qipirttfou of tout 
time, wore found to have jjuUmmI n,. diminutit.ii in fatness excellence. They 
carry with to cm A comfLuit supply nf mit*, in a h*Uf at the root of too neck, which 
eoniaiiLB about 2 gallons; and ou taadn S toot we found in those wo killed on Loan!, 


it proved perfcc dy Irodi and .^wocit. 

As to the other reptiles in tbn lion house, it may be of interest to 
note that some of them have bred in captivity. Plate ,11 shows a 
bulk nuke coiled about its eggs, evidently brooding them us a bird 
m ight do. When hatched out tbs young are left to shift for them¬ 
selves. Some splits of snakes bring forth their young alive. That 
is the case with the tree boos, one of whom gave birth to f>4 young at 
once, puzzling the park milhoritics very much to know bow to care 
fur so numerous a progeny. A number of them were presented to 
other zoological collections; others remained in the park and grew to 


considerable size. 

The uDJiatunil conditions which pnmiil m captivity 

m4 ke it (liiticiilt to keep m*kim in perfect health. It sterns quvLo 
clear that, in spite of the popular impression as to their aggressive¬ 
ness, they are really quite timid creatures. They often refuse to cat, 
remaining for long "periods without food. It is quiio astonishing how 
long they WtU live without taking 11 P«rtidn of nourishment. In 
several instances they have been known to survive for more than a 
year. About two or three times a year snakes shed their skins en¬ 
tirely, even to the homy covering that protects the eyes. The skin 
usually strip off in one entire piece, and tho reptile appears in a 
new and much more brilliant suit. 


'ilIE FI.nKG CAGE. 

Lovers of birds found very early that the confinement of these 
winged creatures within the limits of a small rage did not display 
thoir activities or beauties to the best advantage and so invented 
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for their more effective exhibition targe inclosurea in which they might 
have some opportunity for flight. Such an inclosure is called" in 
trench a “ voltee,” or place for flying. We have no perfectly antis* 
fncboiy word for it in English, and have adopted the rather clumsy 
and misleading substitute of “ flying cage." There arc several such 
large cages in the National Zoological Park. It is necessary, of 
course, to separate the eagles, owls, hawks, vultures, and other 
predacious birds from the less aggressive ones, and the larger running 
birds can not well be shown in this way. 

The large cage shown on Plate 32*is 158 feet long bv 50 feet 
wide and 50 feet high, and is situated in a lovely valley near the 
western entrance to the park. It is built over several full-grown 
trees and has & streamlet of water running through it which supping 
small pools for the convenience of the birds. It contains a con¬ 
siderable variety of medium-met] birds, mainly those that like to live 
near water, such as herons, storks, cranes, cormorants, etc. The 
night herons have made themselves very much at home there, 
building their m-sts and rearing young in considerable numbers every 
year, so that the park has been somewhat embarrassed by their rapid 
increase. Attracted hy the apparent comfort of their kind wild 
herons come and build also in the trees about i,he cage. 

Much larger cages than this have been erected. The one built 
by the park ut, the St. Louis Exposition in 1904 is 22R f,-et lnn» *u 
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tent, a name 1 given to it from its severe aspect. Great Elocfa of them 
are seen in eastern countries, where they serve as scavengers. It has 
a curious way of reposing by bending its legs and resting on what is 
really the tarsus. From this bird come the marabou feathers so 
much prized for ladies* boas. The specimen at the park is from 
India, but there are closely related species in Africa and Java* In 
front of its neck there may h® seen a large throat pouch, connected 
with the respiratory apparatus, which has puzzled naturalists a good 
dealp as its functions ore not exactly known. It has been thought to 
assist the lungs by affording a reservoir of air during rapid feeding, 
also to give addit ional resonance to the voice, or to attract the female 
by ite expansion while strut ting. The bird is a very silent one., and 
its mating habits have not been carefully observed, as it seeks seclu¬ 
sion upon the highest points of inaccessible rocks. 

THE HARPY EAGLE. 

In 1899 the United States sent a naval vessel up i he Amazon as 
far as IquUos r Peru, with a view to obtaining information regarding 
the commercial development of the country. The Secretary of the 
Navy kindly instructed the commanding officer to collect for the park 
such animals as could bo readily obtained Without impeding in any 
way the expedition. A number of important additions to the collec¬ 
tion were secured, urn? of the moat beautiful being the harpy eagle. 
This kingly bird was presented by the governor of the Province of 
Amazonas, Brazil, at Manaos, and came from the upper Amazon* 
Plate 34 does not do justice to its imperial air and, lordly pres¬ 
ence, It created a considerable sensation when carried through 
the streets 6f New York to be shipped to Washington. Its nature Is 
by no means expressed by the name which has been given it. The 
harpy of Grecian mythology was a ravenous, unclean creature having 
the head of a woman and the wings find daws of a bird. Readers of 
Vergil will recall that when JSzt&as and his companions reached in 
their wanderings the Stropbades. two little blonds in the Ionian Sea, 
they were attached while eating by the harpies r who r when driven 
away, prophesied dire calamities to the Trojans, Our eagle does not 
deserve such n name, for it is dears and dainty, proud as a Spanish 
don, and very fond of attention. It raises or lowers the crest upon 
its heat! at will, and it delights to spread its great wings and sidle 
along its perch at its keeper's call. If it is shown a monkey, it m at 
once excited and 11 utters and seizes the bars of its cage in attempts to 
get at It* Monkeys probably constitute most of its food when in its 
native haunts, but it also attacks peccaries, sloths, and fawns. The 
bird js found throughout tropical America as far north as southern 
Mexico, 
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THE CONOOR3- 

These great birds, the largest of aU the birds of prey, inhabit the 
high mountain regions of North and Sooth America, having Lheir 
nest* on almost inaccessible peaks* Both the Andean and the Cali¬ 
fornia species tire seen hi the park. The South American form is 
slightly the hirger h but either bird Is very impressive when it spreads its 
wings fully. It is interesting to see them do this on a hot day to cool 
thumselvest or after a rain to dry their feathers* 

The California condor shown in plate 3d is a young bird not yet 
in full plumage* He was very playful* and delighted to untie the 
shoestrings of Xm keeper while his cage was being cleaned* It seems 
tilmttsI, a pity to confine m a cage birds whose delight is apparently to 
wing their way through the upper aLr over great mountain ranges. 
Tlio California species is nearly extinct, being now found only in the 
most, inaccessible parts of the Sierra Nevada, It was formerly abun¬ 
dant throughout California and Oregon. The park b fortunate in 
possessing tliree specimens* They arc kept by themselves in a fly mg 
cage. 

THE OSTRICH. 

sine* the- extinction of the gigantic moaa of New Zealand the 
ostrich b the largest of living birds t a fine nude sometimes measuring 
nearly 6 feet to the top of its b&nk anil Whig able to look over a 
Wool, fence, the height, being due to the length of the legs and the 
neck, llie sum of the body not being proportional. The head is small 
and Hat. with a short broad beak; the neck b practically bare of 
feathers, iis are also the slender legs and muscular thighs, which natu¬ 
ral ists have compared to those of a camel. This undressed appear¬ 
ance b fully compensated, however, by the luxuriance and beaut)' of 
the plumage of its body and wings. In the female the color is a 
fimnlnir gray, while the male is dressed In black, with wings and tail 
bordered with snowy, glistening white* These are the feathers which 
have been prized in all countries from the earliest times. Formerly 
they were procured only from the wild bird by bun ting r hut to-day 
ostrich farming is a recognised industry in many places„ both in this 
country imd in Africa. 

The bird in a native of the deserts of Africa anil Arabia, where its 
great height enables it to descry its enemies at a great dist*iU5e t and 
■ ta long lugs and ^cuILlf feet, especially adapted for traveling hi 
aand, usually nut distance its pursuers* A wise hunter while pursuing 
ou one horse will place a relay at a point at right angles to Lhe course, 
ns it ih known that the bird will travel in a large circle* When 
finally exhausted the bird tries, to hide in a shadow, with its tall head 
concealed Isehind a projecting rock, which is probably the origin of 
the fable concerning hia hiding his head in the sand* This and other 
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tales of life* digesting iron nails and similar objects have led to the 
popular belief that his intelligence 1% very low. It is a fact that he 
readily picks up hard, bright objects and pebbles to assist in the 
trituration of hi* food, ns our own barnyard fowl dace in a lesser 
degree, ami in repairing hb paddock rare b taken not to leave wire 
clippings about. From the small head of the bird it might seem that 
the brain matter was rather deficient, hut it appear from recent 
investigations that many functions of the brain of higher vertebrates 
ate in his ease performed by the large and welt-doveloped spinal cord. 

The park has two species of ostriches—one presented by King 
Menelek, of Abyssinia; another from South Africa. It has also a 
number of birds that- arts near relatives to the ostrich, such as the 
rhea, or South American ostrich, and the emeu that represents this 
family in Australia. 

THE CASSOWARY. 

Closely allied to tire ostrich b the cassowary, from Xew Guinea 
and Australia—a large bird, with rudimentary wings, blue-black 
plumage, highly colored neck and wattles, and a holme Hike crest. 
Unlike the ostrich, these birds are lovers of the forest, and are said 
to use this strong helmet to part the branches of the dense scrub in 
which they live and which they traverse at great, speed, quite baffling 
the hunter. When captured they arc very readily tamed and breed 
well in captivity. 

THE OTV't*8. 

There are usually several species of owls in the park, as they are 
frequently found iii the vicinity by funnel*, who consider them os 
“vermin,” overlooking their value as exterminators of rats and mice. 
At the inception of the collection, when it was kept at the hack of the 
Smithsonian, a colony of bam owls was discovered in one nT the 
towers of that institution. This species is not, however, generally 
known to agriculturists, and we are often asked to identify a “rare 
bird which no one in the neighborhood has ever seen,” and find that 
it is the tawny barn owl, which from its peculiar facial coloration has 
been given the name of the “monkey-faced ” owl. The horned owl, 
the burred owl, and the screech owl nmy usually be seen here. The 
beautiful snowy owl in plate 37 is a visitor from the North, its 
home being within the Arctic Cirde, whence il comes southward in 
the winter in search of fuod, bring occasionally seen even in this 
latitude. Unlike sonic of the owls it sees well by day, 

THE OCLL. 

Everyone who has seen the ocean or a big lake knows the gull that 
follows steamers halfway across the Atlantic and ascend* every great 
river far Inland, with tireless and powerful flight. It seems strange 


476 ANNUAL EEFORT SMITHSONIAN INSTITUTION, 1014, 

and out of place in captivity, yet holds its own well among other 
web-footed birds. When nesting, it seeks some secluded spot—an 
blond far offshore, a headland jutting out into the waters—and them 
Iaj-H its eggs and hatches it# brood. Thousands frequent the same 
nesting places, and their cries are loud and unceasing. The interest 
in this particular specimen ia that she hatched her chicks in the 
dying cage at the park, and they ran about os unconcernedly and 
with no more timidity than the chickens in a born yard. 


THE PELICANS. 


These curious birds are distinguished by a large appendage like a 
leather bug attacked to the lower Jaw, by means of which they catch 
the fish which form their only food. When they wish to feed their 
young, they bring the nestlings close to their breast and disgorge 
some partially digested fish into the pouch for the little ones to eat. 
An imperfect observation of this peculiar method led to the story, 
once current, that the mu (her bird wounded its own breast and allowed 
the blood to flow into the mouths of its young, who were nourished 
in this self-sacrificing manner. The illustration on plate 30 is from 
Gesncr'a II 1st on a Animalium, published in 1555. Tliis old work, in 
four folio volumes, is a very erudite compilation of the knowledge of 
that time regarding animals. It will bo noticed that the artist has 
not shown the pouch of the bird. Tliis subject wits u favorite one in 
heraldry during the Middle Agra, being used particularly in eccle¬ 
siastical institutions. 


There are nt present four species In ihe park. The brown pelican 
from eastern blonda and the Gulf coast ia found only iienr salt water 
Thousands of them may be seen on Pelican Island, in Indian River! 
They go often long distances for their fishing, proceeding in a very 
regular manner in a diagonal single file, the whole group beating the 
air in unison for a few strokes rtnd then sailing until the leader com¬ 
mences to heat again. 


The illustration on plate 40 shows the American white pelican 
received from the Yellowstone Park, where there is a colony on an 
hibud in Yellowstone Lake, from which each year they migrate to 
the Gulf at the approach of winter. They are among the largest of 
our native water fowl, having n spread of wings of 8 or 9 feet. During 
tie mating season each male bird has a curious protuberance on tho 
uppi-r part of its beak, which drops off os soon os the young are 
batched. They have wonderful powers of flight and delight to ncr- 
form evolutions in the air and upon the water. Their plumage is of 
a g fatennig snowy white, and when standing erect, like tho bird in 
the foreground of tho group, they present a most noble and striking 
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farther n , e en to the shore* of the Arctic Ocean, migrating south- 
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vrard At the approach <*f cold weather. In the park they remain out 
until it is so cold that their pond freezes over, when they are picked 
un bodily and taken in a cart to the protection of a house. 

The whooping crane seen in plate 40 became very much attached 
to this group of pelicans, and also very tame. When they were trans¬ 
ferred to their winter quartern, he followed on behind the cart of his 
own accord, fearing that he might be left behind. There must have 
been something unusually attractive about this crane, for when, one 
season, he Was placed in the flying cage, a young demoiselle crane, of 
u totally different species, became his Lnsepnxabte companion. 


THE FJ^inSODES. 

Another very interesting water bird is the flamingo, formerly breed¬ 
ing on the Florida coast, but now rarely seen there. Two large «k>- 
ni^ have been found on one of the Bahama Hands. Other species 
exist in India and in southern Europe and northern Africa. It is 
preeminently a wading bird, as. with its long lep it stands4 or mere 
f t hiffh Ii hits a moat peculiar beak, that ii>ciks if it faiui IwtMi 
tin, downward about the middle, and both jaws are fringed with 
little platelets, by means of which the bird strains out the water after 
it has scooped up from the muddy bottom the mollusfa and water 
. otB tbllt constitute its food. The body plumage is a beautiful 
rosy pink, which, unfortunately, has a tendency lo fndo in captive 

m i I 

j t on iy £llI ite recently that the nesting habits of the flamingo have 
been known. It wad formerly supposed that, finding n difficulty in 
accommodating its long legs, the bird built up a hillock of convenient 
height and then sat upon it astride while incubating. This bizarre 
idea is now believed to be without foundation. 

THE SWANS. 


From the most ancient times the swan has been famed for its 
beauty and grace. It does not appear to advantage on land, as its 
widely set legs, meant for propulsion in water, give it a waddling gait; 
hut when floating at ease, it is one of the most elegant of birds. The 
species shown in plate 41 is the European w hite or mute swan, so 
railed because it bus no singing note. It will, however, hiss like a 
tmose when attacked. The poets from Homer down have ascribed 
to it the faculty of singing just before death, and Plato makes Socrates 
' re f c rring to his own approaching doom, that they sing not from 
sadness but rather from joy, because they fed themselves to be 
immortal and about to return to Apollo. It is indeed probable that 
the bird in a wild state his a trumpet-like call. These birds have 
regularly nested in the park each year, the female incubating the eggs 
while the male mounts guard near by to drive away intruders. Even 
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[Jus is nut always effective, a* th e smalt boy of the period, o Uo ,.f ih c 
most predacious ef animals, sometimes succeeds m eva ding the vigi- 
1 mice of the watchmen end robbing the newt. Tho little nullings, 

f>r c yp ieta - porerctl with jl soft gray down, which lasts for some 
months, 

The ancients evidently opposed that swans must always ho white, 
for the Latin poet Juvenal was the author of the wall-known satirical 
comparison, "ns rare us a black swan but thev knew nothing of 
Austral in, which has given u* a fine jet-black species, which nmy bo 
M-CJJ in the park. We also Iuitb two beautiful American species ’ the 
whistiitiur ftnil ihv trumpeter swims. 

Tlltf IIUCK15. 

In the valley below the flying cage a little ponl has been formed 
and an melinite m which a number uf varieties of ducks may he 
seen. One1 of the must striking of these k the mandarin, whose 
particolored and checkered plumage has been compared to a crazy 
tjuilt. A number of these were presented to I he park by the zoological 
garden at Tokyo, Japan, through the good offices of Dr, Alexander 
Graham Bell. .Another veay bountiful duck is the imeriettn wood- 
dijrk r not m bizarre In appearance as the mandarin, but pogsessin'r 
m ffwtt » misty nf plumage, The redhead, the pintail the 
shovcJer, unJ the muiinrd may alw be seen. 


ON THE HABITS AND BEHAVIOR OF TIIE HERRING GULL, 
LARGS AKGEXTATUS PONT. 1 
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By E. |L Strong. 


[With HI pjftlgf.) 

1. INTRODUCTION. 

It is tbs purpose i«f Ibis paper to descrilw the results of work 
which was begun wilh the idea nf studying bird habits intensively. 
I learned t(trough Mr. Henry L. Ward, curator of the Milwaukee 


Public Museum, that colonies of herring gulls were to be found breed¬ 
ing on islands off both coasts of the peninsula which forms Door 
County, Wis., i. e. T in Green Bay and in Lake Michigan. 


KilliLiiL 


Fio l.-Uap sbow tisg taebUnuttr *ui| euloaln !* Ftyhm of 4Jr™ Ii*y Wbamifa, 




















480 


akkx-al liEponx smithsosun issnirnos, wn. 

Thoae birda seemed to bo especially favorable for my pun*™ 

. ' ! ] ,iltl - v nfMt m ra,Iu ‘ r compact colonics on the ground ami 

in more or kws open places so that many individuals can be seen 
anti studied to advantage, and ( 2 ) their considerable size and largely 
while plumage make them among the best bird subjects for the 
indispensable photographic records. Furthermore, I had already 
had some experience with these birds, especially dining July 1007 
ft hen r visited a breeding colony at Gull Island in Lake Superior, 

On June 20, 1911, 1 made a preliminary exploring trip in Green 
Bay starting from my headquarters at Ephraim, Wis. With the 
aid of a motor boat, the Strawberry Islands, lIio Sister Islands, and 
Hat Island WercaH visited during the day, and Colonies of herring 
gulls were found breeding on all of these Islands except at the West 
of the Strawberry Islands (ph 1. fig. 1 ), which supported a colour of 
grout, blue borons. 

As it did not seem practicable to attempt to live on any of the 
Islam is, I thought it best to stay at Ephraim and depend upon small 
boats for transportation whenever a visit was made to thn g„ll 
colonies, Unfortunately, boats were nut always available and the 
weather was not favorable on many days. Wort was carried on at 
the Sister Islands on June 3 d, July 12 , and July 15; at Middle Straw- 
beriy Island on June SO and July 29; and at Gravel Island July 18 
and 19 , Another period was spent at Middle Strawberry Island 
beginning at 7.20 p. m. f July 7 , and ending the next day at 7.05 a. m. 
bo much time was taken by preliminary studies that mv experimental 
work at the breeding places was barely begun when the season ended. 

Other experiments were begun with some juvenal gulls which 
were taken from their nesting places to Ephraim and were kept in a 
pen < pi. 2 , fig. 2 ). These birds were removed to Chicago in August, 

'' i re ®*pw£™eots with them were continued for three years. Kef- 
<t< mr* will bo made in this paper to observations made on three 

kiudh * ^ U f P ■ "* WOI ?f m Chici ^ WBS made possible through the 

L * ^ “ n<l *». -r the dcpwtiuMil of wdSogy. 

moving mo outdoor cage accommodations. ' 

Bwjrrt^'hS^^sr" 1 “ * k *** "" pt * h *" 

study of ihe°birL ir 'r a lent or blind indispensable for the 

braird XyTj* f* <*«*"** • 

lung as the integer appeara If Wh ‘? dcm n0t ce “ es ° 

companion enters the u [,t wiih the o? ^ ^cbity. If a 

Wring the pW, many 5*?!^ *«*“»V** 
of the two men has left » n( i ,1 > 'dl to notice that only one 

activities. aQti ^ *“7 soon resume their usual 
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t had u tent made similar to that described by Sawyer/ with some 
modifications (pi. 2, fig. 1)* * For it description of this tent and for 
art account of methods and material employed, the reader b referred 
to die original paper in the Auk, 

II SOCIAL OR COmnJXlTY RE LATI ON SHIPS. 

Both juvenal and adult herring gulls s mm to prefer the com¬ 
pany of other individuals of their ago- My captive gulls and those 
1 have seen wild are usually to be found in dose groups, especially 
when at rest. However, they are often cruel to each other and like 
other animals will fight fiercely for food. 

A large amount of fighting occurs at a breeding place where no 
struggle for food k involved. Some of the encounters an? undoubt¬ 
edly the result* of intrusions upon a noting precinct, as is Herrick's 
opinion, and I saw adults resenting attacks upon the young by 
other adults. Many of the lights, however, seem to indicate simple 
belligerency. A gull will approach "another with head somewhat 
lowered and bill pointed straight forward or slightly upward. They 
will then grasp each other by the mandibles and attempt to drag 
each other about. Blows may be given with the wings and even 
with the feet. In plate 3, figure I, such an encounter appears* The 
gull on the right is shown just nh the moment when its wings have 
struck its opponent. The heads of the combatants appear in an 
oblique position as a consequence of the locking of mandibles. Fre¬ 
quently other gulls will join in the fracas and quite a lively but 
usually short and harmless tussle follows. I saw one fight broken 
up by another bird interfering much as a rooster may interfere in an 
encounter between two other cocks. Often a challenge to fight 
is not accepted, and the bin! approached simply ret rents. 

Various writers have mentioned the killing of young gulb by 
adults. According to Ward 3 this may hr a very common occur¬ 
rence. 

Maltreatment cf the young has also been described by Butcher 
and Daily 5 and it has been discussed by Herrick, 1 I found that 
similar treatment was administered to a juvenal gull when it was 
placed in a cage with two Juvenals 2 to 3 weeks older. One gull t 
the youngest of the three in the cage, wm particularly persistent 
and savage in its attacks, so that I had to remove the newcomer 
until its head bud healed and it was better able to defend itself, 

1 flawy*T, E_ J. H A Bjwcfei W& bUml; Elrd I*r?. 11, No, % M^nrti- April, 1EW P pp. 71-73. Qu fiog* 
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* UutcbcTp W rp and HiIIt. TV. L., A ooiiitfbirtkiu to bhtfllJe tda:i#y ^ liae hrfriac cull (£jawr srftnwu*) 
ht I ho Coifed S;at»: Ank. *ot. 20 r im r So. 1. pp. 437-31, ph- U, Si. 
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anxuai. nhi'OiiT smtthsoihan ixsrmraoH, uu. 


On erecting my tent at out of the Sister Islands, July 12, Jftll, 
I took a downy juvena] not tuprr than a work old inside with me, 
Thw I released at 12.50 p. in., and it made its way out at once. Its 
appearance outside caused great excitement. The little gull started 
nest in the direction of the place where I had captured it. On 
its way it went near a couple of gulls which appeared to belong 
to a nest I had under observation. These birds started the if chal¬ 
lenge cry,” and others joined in the same performance. The small 
gqll approached the two adults just mentioned and was pecked on 
the head after a minute or so. It was next given a number of sharp 
blows which apparently did nu serious damage. The little bird 
turned at bay and when peeked most severely ran screaming with 
mouth open toward its persecutors. This whs followed by alter¬ 
nate running and fighting, a procedure which was successful in 
preventing further serious attacks. The bird eventually found 
shelter under driftwood about 50 feet away from my tout. 

Herrick explains these attacks upon the young as follows: 

TMi Lf duo to tlio ferocity of tbs guarding and fighting Inalinct* in ib* old bird* 
ai*l to a brfc ofaltaiiEitocDl in du- irolinru of the ywng, in conseqQOnco af wbi, h 
a chick iriU occawonolly stray from it* own prewnt and inapase on the dunmin of a 

Ui'%htKir. 

Undoubtedly this covets many and perhaps most cases, but it 
seems doubtful whether the deaths among the Juvenals at Gravel 
Island, iteetiM by Ward, can be explained as easily. There both 
W nrd 1 and I found a promiscuous herding of JuWnals without 
regard to preempts, at least when the birds were of good slae Fur¬ 
thermore, it does not account for attacks upon Juvenals bv other 

j 11 VCllftLs. J 

Other bin Is may nest in apparent safety upon an island even 
fairly densely populated with gulls. Spotted sandpiper, bronzed 
grnckli'S, song sparrows, and other land birds were more or less com 
mon niters on the Strawberry Islands. I fnund red-breasted raw 
giutsrp* nesting on all of the wooded islands occupied bv mills So 
far as I could see, no attention was paid to these birds by the gulls 
On tile other hand, a large bird like the great blue heron seemed to 
be viewed with durfavor, and I did not find both occupying the 
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q is a matter of common observation that at other times, if um" t 
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lea ted, it floes not hesitate to frequent largo cities where bodies of 
water with food ocmir. 

HI. FEEDING HABITS?. 

The herring gull is generally recognized to lx? almost omnivorous 
ill its feeding habits. It is especially known a ini prized as a scaven¬ 
ger, I have found that fishermen appreciate its habit of ridding 
the water of dead fish. It bus been my observation that fish, espe¬ 
cially when fresh, are preferred by gulls; but when hungry they 
lake almost anything in the animal-food line and many forms of 
plant matter. Du teller 1 men (ions insects including largo numbers 
of ante as e a ten by herring gulls. Eifrig’ noted the occurrence of 
shells, seeds, berries, and a crab in the stomachs of three adult her¬ 
ring gulls taken May 29, June 10, and Juno is. According to 
Knight,* sea urchins and starfishes are eaten. Various molluska and 
a crustacean are mentioned by Norton, 4 and Audubon* states that 
eggs are sucked. There is even a record of the capture by a gull of 
a bat “ which had been living about m er a river where gulls occurred. 
Various Etollusks are mentioned by Mackay as gull food. 

My captive gulU when very hungry would cat bread, but they 
preferred animal food. Their main ar ticle of focal was liver with occa¬ 
sional feedings of fish scraps. When live fish are caught, tho herring 
gull may immerse its head and n targe portion of its body, but I 
have never seen complete immersion. The bird may fly down to the 
water for food, but it. does not dive vertically us terns do. Other 
writers have made similar observations. 

1 ieces of food not too lurgo are swallowed entire, and the mass 
may he relatively great fpl. 2, fig, 2). My captive gulls swallowed 
fish as long os 10 inches on a number of occasions. Under ordinary 
conditions in cool weather, ono of my birds would cot 4 to 6 ounces 
of beef liver at a meal, when fed once a day, and it would be hungry 
the next day. 

IV. BREEDING habits. 

The nestis, as has been stated by others, are usually fairly bulky 
and of varying materials. Apparently grass, fine weed stems, anil 
feathers are preferred aw these occurred In tho majority of nests. 
Sometimes, however, neats were made hugely of strips of burk or of 
coarse weed ah'ms. Other beach debris may bo used, especially the 
finer or softer materials. Bits of bark and other coarse materials 
appear in the nest which is shown in plate 4. 
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As has already been stated in the introduction to this paper, a 
great variety of locations may bo chosen for the nest. In general, 
it seems that uninhabited islands are preferred, whore the nest may 
bo anywhere on the beach or back some rods from tho open beach 
in bushes, among tall herbaceous plants, or in grass, or upon rock 
ledges. Often the shelter of a drift log is chosen (pL 5, fig. 2), 
Neste may be placed in trees under certain circumstances, a point 
that will be discussed elsewhere in this paper. 

As tho males can not bo distinguished from females by their plum¬ 
age, ordinarily, it is diffic ult to get data concerning the relative parts 
token by the two parents in brooding. Dutcher and Bully 1 obtained 
evidence that both parents take part in brooding the eggs. Some 
observations were made bv Dutcher and Baily * on the turning of 
the eggs by the brooding bird. They found that the eggs are some¬ 
times turned slightly with the bill when the bird goes on (he neat 
though in one case where each egg had been marked with an arrow] 
only one was found turned after the bird went on the nest. I also 
obtained some evidence of the eggs being turned by the bird. In 
some cases, us the parent nestled down over the eggs it appeared 
probable that at least u slight turning of eggs would occur. There 
was usually more or less shifting of the feet, Udy, and plumage, us 
the bird adjusted itself u, the eggs and nest. This performance has 
been described in detail by Dutcher and BailvA 

On very warm days, especially at midday, I found that the nest is 
left frequently for a few moments. At such times the bird goes to 
the water’s edge and takes at least a partial bath. Then; is much 
splashing of water with tho bib and sometimes with t! ie whole head. 
There is some drinking of water also at this time. 

So far as I could determine there is more or less brooding of tho 
young for several hours after hatching or until they are able to run 
about. Often on a hot day one of tho parents would simply stand 
over the newly hutched nestlings shading them from the sun (pi, § 
fig, 1). Tho other parent was usually near by, and it would chance 
places with its mate at intervals. 



hns been well described by Yftacd* 
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Plate 3* 



1. Herring Gulls Fighting 



2, Pare hi Feeding Newly Hatcheq Youno. 
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Hc " n ' NQ GVUI WITH Newlv Hatched Young at Near auqut G Feet from Guno. Note the Coajise Nest Materials. 
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Tho newly batched young, according to my observations are more 
passive, and I obtained some evidence that the parent may initiate 
the feeding performance. Similar conditions occur in the feeding 
of young pigeons. On Juno 30, 1911, while taking observations on 
one of the Strawberry islands, a pair of gulls whoso nest was about 
5 feet from the base of my tent fed two young not many hours old 
and still too weak to walk well, at irregular intervals within S to 10 
feet from my point of observation. The little gulls had been coaxed 
away from their nest for a few feet by their parents, a distance which 
they covered with difficulty. 

The following notes concerning the observations just mentioned 
have been taken from my notebook. The bird shading its young 
was relieved at 12.40 p. m., and went down to the water for a "drink. 
The other parent at once proceeded to feed the young gulls while 
the first bird stood a few feet away at the edge of the water. The 
adult bird did not insert its bill in the mouth of its offspring, but the 
latter took food from the ground just below the bill of the parent. 
Occasionally the young reached up toward the bill of the parent, 
which was held low, often almost at the ground {pi. 3, fig. 2). A 
quantity of food m a fine and soft condition was disgorged in more or 
less of a heap. After the young had eaten, tile parent swallowed what 
was left. These very young birds ate slowly, apparently without 
much appetite. The whole performance passed off quietly and with 
no rapid movements. 

At 1.45 p. m. I saw the same young birds being fed again. A little 
later I noticed another feeding of some gulls a few days older. Small 
fishes appeared in the food disgorged by die parent. 

In spite of the fact that the gulls seemed to settle down to normal 
activities during my tent work, I saw surprisingly few cases, rela¬ 
tively, of feeding the young. These were usually a little too fur away 
to permit dose observation* and it was seldom possible to determine 
by observation from my tent what the nature of the food was. 

The stomachs of six young herring gulls ‘‘of different sines*' as re¬ 
ported by Norton, 1 "contained almost no fish, but all contained ants 
in varying quantities, only one being full." 

Where many young gulls occur in a relatively small arm, it is diffi¬ 
cult to determine whether tho adult birds always feed only their own 
young. Hie small amount of evidence I obtained suggested that the 
parents, usually, feed their own offspring. But it is of course possi¬ 
ble that birds usually feeding their own offspring may occasionally 
give food to other juve nab. 

At Gravel Island there was apparently considerable promiscuous 
feeding according to the observations of both Ward and myself. 
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I observed adult gulls alighting near dose flocks of young birds 
on a number of occasions, at Gravel Island. Each time the juvenals 
sumtiiinit 1 it the adult like a park of wolves, and it was often com¬ 
pletely hidden from my view by the struggling young gulls. In 
plate 7 such a scene appears. Such a perform unco was usually ac¬ 
companied by wusdsmblo nooso made by the luingiy birds. Other 
adult birds sometimes added U> the clamor by screaming. The gen- 
oral excitement is shown in the illustration just mentioned. 

The period during which the young are fed is evidently a long one. 
1 saw young birds which must have been at least 0 weeks old, and 
probably considerably older than this., still being fed by adult birds. 
It is of course possible that young birds may be obtaining some of 
their food themselves before all food giving by their parents or by 
other iwlulta ceases. 

On a few occasions, I «w adults apparently resenting the approach 
of other adults to their young, but data of this sort are very meager. 
These observations and those quoted in this paper from Herrick and 
Iloniadity, however, make it probable that the young arc guarded for 
at least a considerable time after hatching by their parents. 

I have been unable to obtain data concerning the relntionsliipn of 
the parents to the young when the latter are learning to lake cars 
of and feed themselves. Adults and young roam about together in 
Hocks for weeks or months after the young are able to fly. 


V, GENERAL UEIUVJOR OF THE JUVENAL CULLS. 

The behavior of the young just after hatching has been described 

by Ward . 1 

According to Butcher and Daily,’ “The instinct to hide seem* to 
be present wittiin ail hour or two after hatching, nr so soou as 
tl ie young bird is strong enough to walk." My own experience k 
that the instinct^ to hide is not always developed Unis early. On 
July 0 . 1007, at Gull Island near Marquette, Mich., in Lake Superior 
I found a nest containing one single nestling which stood up pertly 
in its nest and did not give the usual indications of fear (pi Q JV 
The plumage of this bird was dry, and it was able to stand. 'u7i’tho 
same day, another nest was observed with two young and an ew in 
wlnrh tho occupant was breaking its way oat (pi. fj fig. 23 , * In 
this cafu* the two nestlings allowed very great fear and left their nest 
w SiiL’li was located on a siuuU ledge of rock, squealing pitifullv. They 
showed other signs of distress and began to pant. Mm. Strong held 
an umbralk over the birds to protect them from tho intense suljkb 
Qmt prevailed. emtoele®, before 1 had gone through the pmS 
of mounting a cam era on a tripod end making one ensure,S 3 


1 Op, eU,, p. 
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t. CHARAcrefiEST-c Gull Nest on Roc* Ledge at Gull Island, nea* 
Marquette M4Ch., m Lake Sypemoft. 



2 - Hehhimj Gull on Ntsr r 
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Plats. 6. 



1- ^ewlv Hatched youN^ &hcw«no no Fear. 



2. Ns wlv Hatched Young in a Panic op Fear. 
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those birds died. Presumably the combination of fear and boat wo* 
responsible* The dying bird appears in the picture, 

I agree with Do teller and Baily that young gulh show th e hiding 
instinct us soon m they are able to run about freely. During the 
pandemonium that prevails among the adults when one approaches 
the nesting place of a colony of gulls* the larger young not yel able 
to fly may be observed with the aid of strong glasses p running about 
to find places for hit Sing. On reaching shore all young birds aide to 
leave their nesLs will be found Sliding except those that have taken, 
to the water. Those able to % are pretty sure to join the adults in 
flying overhead * or they often alight on the water at some distance* 
This lulling instinct has. been described ip some detail by Dutches 
and Baily. 

At Gull lahmd in Lake Superior, I frequently saw half-grown gulls 
running headlong over the rocky surface of the island after being 
dislodged from their hiding places. They would of Lett fall ID or 
more feet over ledges to rocks below without any apparent injury 
or significant delay in their rush for the water. 

According to my observations the young gull, when attempting 
to hide, especially if si ill in the down plumage* will remain perfectly 
quiet until it is handled or removed from its hiding place. After 
being disturbed in this way, however* tho hiding instinct seems to he 
replaced by m impulse to flee and the bird, if not checked, will run 
in headlong fashion until it reaches water or gains a position where 
it is really out of sight, a number of rods away , Usually when such a 
bird reaches the water it will swim some distance from shore. I 
have observed the same behavior in the young of the Wilson's and 
roseate terns. Sterna and S. dougallL The laughing gull 

(Zuru« utridUa) apparently shows the same behavior, but 1 luivo 
nut studied the habits of Um specks enough to make a complete 
comparison. Probably tltk hiding behavior Is common to 
specie^ of the whole order, under similar circumstances. 

In the case of the gulls hatched in tree nests, the behavior must of 
course be different. It k hardly conceivable that the young in tree 
nests as high as 50 feet above the ground, as some have been 
stated to he, can leave their nests before the flight feathers are well 
developed. Concerning this point we find Dutchor and Bully 1 
saying: 

The ymiajc in ueo nesu nlhi seem Ut have §cos& vneugh mt to walk off the e<%v 
of the neat* for id 1002 Mr. Baily found young at 10 dnya old in a Uw nest. 

As viewed from my tent, tho young gulls appeared to spend most 
of their limo standing idly about waiting for food. Tho recently- 
ha tolled birds were observed enjoying the shade of one of their 


Op. CO.* p. -LQ, 






488 ANNUAL HE POST SMI Til BON LAN INSTITUTION, 191*. 


parents when the sim was intense as lias already been stated in this 
paper. They also used driftwood or anything else offering shade. 
The more developed juvenals, especially on worm days, did a large 
amount of bathing at tho water’s edge. Still older young would 
swim farther out from shore in bathing. When the definitive 
feathers are developing and begin to burst from their sheaths, much 
time is spent in dressing the plumage with tho book. Whether the 
opening of the feathers is facilitated by the feather manipulation 
could not be determined. 


VI. DEVELOPMENT AFTER HATCHING. 

A detailed account of the hatching and early development of the 
young after hatching has been given by Dutcher and Baily. 1 

Growth is rapid, hut the young arc in the down plumage for a 
number of days after hatching. It is not in the province of this 
paper to give a detailed description of tho plumage, and the reader 
is referred to the account given by Dutcher and Baily 1 (p. 422 with 
pi. 22). The sequence of plumages Inis been described by Dwight.* 
The dark plumage of tho juvenal gull is replaced after the first whiter 
by a lighter and less mottled plumage with quite a bit of individual 
variation b the rate of change, judging from my captive gulls. At 
two years, my gulls had lost most of their juvenal coloration. Strange 
to say a wild gull obtained in the winter of what must have been its 
second year, was somewhat behind t he others when they wore 2 years 
old. None of my gull* had acquired at two years as advanced a plum¬ 
age as that described by Dwight for herring gulls of that age. Sharpe * 
describes progressive changes extending through the first five au¬ 
tumns, and he says that the "quills’' have more dark coloring flt the 
fifth autumn than appears in older birds. The following quotation 
from Townsend's account of the herring gufl well with mv 

o bsf' rvn t lo ik_n: J 

It » superficial ly evident hn the kn» number of dark »ik 1 mottled hbdt at U] 
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although a nearly complete adult plumage appeals at the third 
autumn ill molt. Sharpe's account indicates that the adult colora¬ 
tion of the beak is not acquired until after the fourth autum n. 

{Note. —The following observations were made too late to appear 
in the paper published in the Auk: 

The bills of the gulls obtained at Ephraim changed to the adult 
yellow toward the end of their third year, ' By April 12, 1914, the 
bills of both birds had acquired a pale-yellow color. By May 3 the 
yellow had become as rich as that of the adult, but the black subter- 
tuinal spot still remained. On May 13 I noted that thn adult orange 
color of this spot was to be seen distinctly at the proximal margin. 

Both birds had lost, most of their mottled plumage during the pre¬ 
ceding two months and at a distance appeared almost entirely adult 
in color, though the white portion of t he plumage still contained many 
dark gray flocks. During this period, the birds became more adult 
in behavior, and during the latter part of it the “challenge” cry de¬ 
veloped rapidly. The notes of the alarm cry also appeared for the 
first time. Another gull of the some age which had been in bad 
health for several months made no progress in color or behavior. 

Further observations were ended a few days later when a marauder 
broke into the gull yard and released my birds.] 

Very meager data are available ns to when breeding begins, A 
cose is described by Du teller 1 of a gull which apparently began 
breeding when two years old. 

It is my judgment that herring gulls rarely breed this early. I 
saw a few with a very small amount of the immature coloration in 
their plum ago, which were certainly at bast 2 years old. I obtained 
no evidence that these birds were breeding except the fact of their 
occurrence with breeding birds at a breeding place. All of the birds 
that I actually saw with eggs or young were adult , ns far as 1 could 
see. 

1 have seen relatively few immature gulls during the spring and 
summer after their first winter, but this is probably duo to their 
scattered distribution. Many individuals linger some distance 
south of the breeding range of the species. Tims Townsend sjxsakB 
of immature gulls being abundant at all seasons off the coast of 
Essex County, Mass., though herring gulls do not now breed south 
of Maine on the New England coast. Immature gulls are also scon 
over the south portion of Luke Michigan during the breeding season, 
though the nearest brooding place is many miles to the north. 

Concerning the longevity ol the herring gull, I have found two rec¬ 
ords which indicate that the period of life may bo considerable, 
though giving ho idea how long it may be. Thus Morris * mentions 

1 Puttbrr. FLwnhti or tparW protection to pnU* bad tern* uIhmdmI IturwiEh Tbirn fund- Auk* 
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a herring gull which wus being fod daily anil wiyg very lame. 'Diis 
bird is stated to have escaped 30 ycum before “from a garden where 
he had been a prisoner.** Another bird known as “Gull Dirk" i_s 
well known to ornithologista through the reports made by Mackay 
to The Auk. He says that this bird 1 had “the habit of frequenting 
and returning vear after Tear t.e the waters adjacent to Bmittou s 
Keef. Narraganaett Bay," and was known in consequence to tho crew 
of the lightship anchored in tliat locality. 

In ]gyj the bird arrived October 12, which makes the twentieth, 
winter it is known to have passed in this locality. This bird was 
identified each year partly by its tameness, and “also by certain 
marks on its wings, also by its cry,” It inis reported by Mncltuy 
during the following four years, alter which it failed to appear. 

VII. VOICE. 

1, Introductory ,—During tho summer nf 1011, especially. I gave a 
largo amount of attention to the sounds made by the gulls with tho 
hopo of making interpretations concerning tlu-ir significance. At¬ 
tempts to describe tho various vocal performances were made, when¬ 
ever possible, with dilfic id lies which will bo appreciated by nil observ¬ 
ers who have tried to make descriptions of animal sounds. 

Though 1 tried to notice anything that, might have any bearing on 
tlw significance of tho sounds made by tho gulls, 1 bad tho following 
points especially hi view: (l) The circumstances under which each 
sound was made; (2) any possible evidence of associated emotions; 
(3) the attention given by other individuals and especially by the 
young to these sounds. As all of the tries occupy only a Tew seconds 
at the most, it is necessary when in the field to be ready to give instant 
attention the moment tho sound is heard. Here again wo sro tho 
advantage of the presence of a considerable number of individuals at 
such close range as they nui bo nt a breeding place. Some notes ore 
not made frequent tv by a single individual, and the chances of hearing 
them are multiplied many times when the observer is in the midst of 
a fairly huge breeding colony. On tho other band, nf course, a large 
number of gulfa In a limited area make a bedlam of noise which is 
often confusing. With careful concentration on single sounds or 
performances it is possible to reduce the confusion of sound to a 
working basis, 

2. Th 0 alarm cry.- hi mj experience, whenever wild gtOb *hs- 
turbed at their breeding p laces, nt least by man, they become 
noisy. Though other sounds are made, tho chamrhiristm and usual 
cry is what bus been calk 1 *! by Herrick/ V* ard, mid other s 1 10 a na 
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cry." This consists of sharp and short notes in doublets or triplets 
which are prod need with great variations in quality and in pitch, I 
was unuhle to determine whether these variations are produced hy 
differpnt individuals. They are striking and always to be noted when 
a colony of brooding gulls is disturbed. 

After tryiijg various syllables to represent these sounds, T finally 
derided that the following Is as satisfactory as anything 1 could 
devise, kok'-kok-kek, with an accent on the first. syllable, the ‘tv' 
being sounded as in deck. Often only two instead of three of these 
sounds are made in a group. These triplets or doublets arc uttered 
hi rapid succession us the bin! flics all out in the gene ml panic. 

Murkiiy 1 described the alarm cry with the syllables "click, eaek t 
rack," and Ilerrick 1 used the following: “ wuw-wak-wak! wak-wak I 
wak-wak!” Ward used the same symbols in liig paper. Another ren¬ 
dering wi» made by Knight 3 as follows! ‘‘ha-ha-ha” or another 
alarm cry as follows: "qu-e-c-e-flh quo-e-e-e-a-h.” 

The alarm cry may he high and shrill or rather lew with '‘cheat 
tone” quality. Intermediate variations also occur. As the dis¬ 
turbance hi a gull colony subsides, these notes arc uttered less and 
less frequently, and the lower notes predominate more as the excite¬ 
ment dec re rises. The cries also become less loud and unlive, until, 
as Herrick * has expressed it, “Finally ceasing like a cluck running 
down, the mandibles continue to work wiLh no sound for a moment 
nr ao.” 

1 have often heard these sounds mode when the birds were appar¬ 
ently simply solicitous or slightly anxious concerning their eggs or 
young. Thus hours after the gulls had settled down to apparently 
normal activities about, my tent, single birds would occasionally 
fly overhead making the alarm cry. At such times the cry is charac¬ 
teristically low and not at nil shrill, 

It, The “rihrflfnjw."—-This was for me the most interesting vocal 
performance, though it is less often mentioned by other writers. 
Herrick describes n “scream of defiance" and has a photo showing 
a bird making this noise. Ward is the only writer to my knowledge 
who has described tills performance in any detail, and his interesting 
account follows,* 

Frequently, the general rluw would im duminated by a peculiar cry which I put 
int« words w “yah, yeh, yth." rapidly rejx-aLM] and iacn^ong in y&emuiice to the 
umnet OipabiliUOa of tbs gull, when it quickly cejued, Usually, a few seconds 
ftfnr one began another joined, until often there were a half doien bmla niHSoddug 
at once, and ocrairio[k»T!y, Lhia number would be luun-a-nd to n score or moro * * * 
Tlichuid rrtreichr^iuj neck downward, opens ii.i bill widely and i-iqiiw the call, then 
with a jerky ant of start it stiffly nfac* its .jubtreiried neefc, usually lo nn aori* of 
about 15 J , Cemnally. almost mvuriahly, the head, neck, body and tail are ail Laid 
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in practically the* mo Ime md in a n s nmrkably bU 0 tammer. iH-rftimi- 

anre b so mtcMufiHki) in its rigidity and prednim of motion that the gnlb appear 
like a lot of automatons. 

I Imvo adopted AVrirrl s term l( the chfJlfmge for this cry, 

I made a number of records of the parformaaM, anti I add a few 
detaib to Ward's doserfption. Just before the head is raised a single 
note which may be of appreciable duration is often made. This 
I tried to represent in ray nnies by the syllable I*/ 1 It. Is fol¬ 
lowed by a scries of high and shrill notes as described by Ward, 
I finally settled on Una following representation in my notes: 
*'kiHhL kee' ek. ktr&' ek. kee" ek t keS, irk, kel <r ek ? etc." Tht‘ e in kee 
Ls sounded as in ^ee anil this syllable b accented* The firBt note b 
longer. AH hough this noise seemed to take more time, I found oi\ 
using a watch that it occupies only a few seconds. The performance, 
mtiy r however, be repeated more than once during the course of a 
few minutes, when other gulls are ^challenging.^ 

In my experience the |S chatlenge" cad ia usually made by a bird 
on or about tho ground, but I ha^e often heard swimming or flying 
birds make this no m. AU of these situations arc shown in plate 7, 
where a number of birds are seen in the performance. The three 
birds on land at the left and in front give the best idea of the usual 
position. 

Good pictures of gulls indulging in the "ctudkngft 1 ' appear in both 
Herrick's and Ward's accounts of the habits of these birds. 

Concerning the significance of the ** challenge 11 performance, little 
more than Opinions can be offered. It may sometimes be made 
when other individuals are frantically indulging in tho "alarm cry.” 
I have noted individuals going through this performance while dying 
about in the general panic which took place when I was landing at 
an island where gulls were breeding, Tliis behavior often seems 
to indicate a belligerent attitude and it then well deserves the term 
"defiance cry” or "challenge." My observations lead me to agree 
with Ward in saying; 

Anything that Martin* tlio ruII without produdnff a panic, ot tho proximity uf 
Mi tins bin!*, ot «vea at thus th* approach n[ ether gall* seem* to be auffideot 
cmuBO for its production. 

The fiist efforts by my captive gulls at "challenging” were mode 
in their first autumn. The same positions were taken, and the sounds 
made were as similar as the first crowing efforts of a young rooster 
are to the crow of a mature cock. Each 1 ime tho performance, which 
occurred only a few times In my presence until the spring of 1QH, 
was begun without warning, and it was over in a few seconds. On 
each occasion a contest over food was in progress, although the bird 
making the noise was not always engaged in the struggle. Contests 
over food ore exceedingly frequent, however, and the usual sounds 
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made, with these rare exceptions, consisted of a shrill squealing 
chatter. 

Adult birds in late summer after the breeding season is over make 
a cry- which b at least similar if not identical with the “ chalk ngo f ,f 
but I have not observed it at close range. 

4. Othtr crict.'—Though the *‘alarm 1 * and “challenge 11 cries make 
up a large portion of the general clamor at a breeding place, especial] v 
when the birds are disturbed or excited, other sounds are also made. 
Of these a cry remarkably like the mewing of a cat is one of the most 
frequent. The birds I saw 1 “mowing” held tho neck arched and the 
head pointed downward. This performance often occurred when 
adults approached young birds apparently their offspring. It also 
scorned at times to be made in culling the young. The adult gull at 
the extreme right in plate B, figure 2, is seen “mewing." This bird 
was engaged in coaxing its newly hatched young to a place not so 
tiror the tent, and they were too weak to do more than stumble along 
over the pebbly beach. The whole procedure was rather deliberate 
and more or leas interrupted. Now and then the adult would make 
the mowing sound, and on one of these occasions I obtained the 
photograph just mentioned. Ward 1 observed another set uf con¬ 
ditions under which the mewing cry may occur as follows; 

The linst day that I -aii* to die lent, at 3 p, m., a nun squall came up. Dart ctonda 
obscured the sim, occasional flashings of lightning wort seen, and peals of thunder 
sounded from time io lime. Tho wind came in cekl sharp gusts. Tho shrill cries of 
the gulls were quickly subdued and a plaintive mewing hi the all-prevailing stand. 

On u few occasions I heard a shrill rind prolonged cry which was 
distinguishable from the mew and yet apparently related to it in its 
characteristics. This I have represented in my notes bv the syllable 
“kerr with the “csounded as in her. It suggested to me a noise 
often mode by a contented hen in the chicken yard. I was unable 
to get any clue to its significance. 

A high-pitched keo sound is often made when the bird is dying. 
I have heard this given by gulls away from their breeding place. It 
is of appreciable duration, and it descends slightly in pitch. 

Another perfor man c e which I noted only a few times involved a 
rapid series of weak notes not unlike the peeps of a newly hatched 
gull but with more of n whispering quality. This I represented os 
follows: “peep-poep-peep-peep-poep, etc." The book was opened 
only slightly and shut with each note, It is possible that this is the 
“run down ” alarm cry which Herrick mentions, but its occurrence 
was not connected with any apparent alarm nor was it closely pre¬ 
ceded by alarm erics. Tbe bird stood about in the position shown 
in plate S, figure 1, and was very near my tent. The noise would not 
have been heard if the gull had been many feet away. Perhaps a 
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fair guess would be to suggest that wo had here an incipient alarm 
nry which did not involve a stimulus strong enough to produce the 
full response. 

Young herring gulb give a cry for food which varies with age- The 
newly hatched birds utter only weak peeps. Ah they grow older those 
develop inlo more insistent squealing notes which may be made with 
a bowing motion for each- When attacked or in distress, ju venal 
gulk often make a sharp and still more incisive squeal h% which the 
notes are uttered more rapidly and more loudly. 1 have already 
mentioned the attempts at tt challenge cry which are made by 
ju vends, 

VIII- REACTIONS TO STIMULI, 

I« A uditnnj ,—-I know of no experimental work on the reactions of 
pills to sound stimuli, but 1 have made numerous observations in 
tin* held and with my captive gulls which show that hearing is rea¬ 
sonably keen hi these birds* especially under certain circumstances. 
The bird shown in plate 5, figure 2, was easily startled during the 
earlier part nf my tent studies by the small though sharp noises made 
by the shutters of ray cameras. During the course of the day this 
gull became less and loss sensitive to such noises and to other slight 
rounds which came from my tent, though one end of (he tent was 
hardly 5 fort away. The responses finally consisted of little more 
than short turns of the head, A pistol shot from a boat fully a quar¬ 
ter mile away from shore caused a wild panic on the island. Little 
attention had been given to the boat before the shot was fired and 
boats could comet nearer without causing a disturbance so long as no 
shooting occurred. 

On another occasion the sharp noise made by a falling timber on 
the beac h caused great alarm among gulls which could hardly have 
seen the fall Great excitement was caused dining the night of my 
star on one of the Strawberry Islands b}* She noise produced by a 
falling board which was blown down from a position against mv 
tcnl. It is improbable that many gulls if any could have seen this 
board fall The resemblance of mieh noises to that made by the 
firing of a gun undoubtedly explains the in tensity of die reactions* 
Many and perhaps all of the nr lull gulls had learned the significance 
of a gun shot* 

My captive gulls when tested by some simple experiments on, Sep¬ 
tember 27 and 29, 1913, were not much disturbed by any noises which 
1 made out of their flight, though they responded to various sharp 
sounds or to a sudden shrill whistle by quirk turns of the head, 

2. FurMfli micfiWs. — Like practically almost all birds the her¬ 
ring gull is predominantly visual in its behavior. It nlso appears to 
bo unusually alert to visual stimuli. Rapid movements„ especially. 
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are noticed as is tin* ciisa writh most seeing animals, so far as we 
know anything of their reactions to visual stimuli. 

Standing outside of my tout , [ could distinguish the form of a 
man inside through the thin tent doth, in certain positions with 
reference to the sun’s rays. Small portions of the man's figure 
were also visible to me through narrow openings at tho corners of 
the tent. It does not. seem probable to me that the gulls could fail 
at least occasionally to get such glimpses for they often came 
within a few feet of the tent and it was evidently under constant 
scrutiny. Nevertheless, neither the gulls nor any other birds 
appeared to notice these evidences of the presence of a man inside. 
Tho visual images afforded under such circumstance were of course 
of very low light intensity and of vague outline. They wore also 
very incomplete and often only small portions of a human f onn 
would be even faintly visible. At any rale they seemed to lack the 
intensity or completeness necessary for arousing the associations 
connected with the np pea ran re of a man in the open. 

On the other hand, 1 obtained some interesting evidences of 
sensitive liras to very smidl visual stimuli under other dreumstoncra. 
In the course of my tent studies, 1 found a need for new openings 
before the series of aperture which appears in plate 2, figure t, had 
brim prepared. A largo pocket kuifo blade was used for the pur 
pose, and the cloth was cut cautiously. On two occasions (lie knife 
blade slipped through the cloth, unexpectedly, exposing a Urge 
portion of its length. Those occurrences were the causes of small 
panics among a number of the gulls in the vicinity. The appear¬ 
ance of a small portion of my hand through one of the comer openings 
caused considerable excitement even when no rapid movements were 
involved. 

I used my camaras, however, at the openings w ith considerable free- 
dom after the first hour or so of quiet watching it&ido the tout. The 
lens was often pushed partly through an opeuiug without arousing 
any significant disturbance. It was a dark object and it was moved 

slowly, whereas the shining steel of the knife blade came into view 

suddenly. 

In spite of tho failure of the gulls -to be disturbed by possible 
glimpses of tho man inside tho tent, there is abundant evidence that 
these birds see unusually well, ns compared with most birds, in 
weak light. As will be discussed in tho section of this paper which 
deals with tho nocturnal activities of gulls, these birds are often 
active at night. My captive gulls if very hungry would eat hi con¬ 
siderable darkness when their food was placed in a customary position 
even when it was not easy for me to make out more than the bare 
outlines of the pieces of food. Thus on May 3, 1913, I fed my 
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gulls nt about 3 p. in. The sky wna clouded, and there was barelv 
enough light to follow the movements of the birds from a position 
about 15 feet away. The birds, which wore thoroughly hungry, 
moved about somewhat uncertainly but they fed promptly from the 
two dishes in which their food was placed. When these birds were 
still partly in the nestling down plumage, on the evening of July 8, 
1911, I made some notes on (heir movements at night. There 
was some light from the muon which was at, half phase, I found 
thi ; bir<ls swimming or standing at the edge of the water in their 
meloBuro, and they seemed to move easily in the setmidarkuesa. 

During oven the darker portion of the night that I spent on 
Middle Strawberry bland, I had plenty of auditory evidence that 
hi>tli udilit and young gulls were more or less active when it was 
too dark for me U> see any thing of the birds. Tho moon sot about 1 
a-m.. and thcro was no light except that furnished by the stars. 
Adult birds wore evidently flying occasionally, and juvenab were 
elusion ally hoard peeping. 

On many occasions, food was brought to my captive gulls in paper 
wrapjMM. Often tho package was placed on the ground more or 
Iass completely open. When tho paper was flapped by wind, the 
gulls shewed a good deal of apprehension. At one time they would 
not approach the package, although they could see that food was 
inside. They became more accustomed to the flapping paper but • 
did not entirely lose their fear of it. This experiment was attempted 
only occasionally. 

Even when there was no flapping paper, great distrust was shown 
for tho package, when the contents were covered by it though not 
entirely hidden. Under such circumstances, food was removed 
with slow and timid approaches followed by quick retreats. Flap¬ 
ping pieces of paper were for over a year very disturbing to the cap 
live grille, but after they had been fed daily for some weeks wi th food 
placed on a sheet of paper, their fear of moving paper decreased 
greatly, 

3. to chemical stimuli .—During considerable portions 

of the time that I had the captive gulls, I conducted experiments 
Qt\ (heir reactions to chemical stimuli. A preliminary statement s 
concerning the result of this work km already been published, and i 
plan to publish another fuller account later- In general, I may 
say here that I found my captive gulls showing what I interpret 
fi.> a dislike for pieces of liver that had been dipped in solutions of 
L^lble salt or hi weak acids. The following notes are extracted from 
my records yf the first experiment. On July n # 1911, I placed a 
number of pieces of herring in a strong solution of table salt in & 
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poll just before finding the gulk. Another pun contained similar 
pients of herring without tmy salt. The birds wore very hungry, 
not. having been fed since the previous evening. All three birds 
showed great aversion for the salted fish. Two utc of the salted 
food aft once and the other joined them in h moment. The response 
was immediate, one bird disgorging what it had swallowed. Another 
dropped what it had taken, and the third swallowed (tidy one piece. 
All three birds run to water In less than a minute and drank heartily, 
though they had taken very little of the solution. They did not 
return to the food during 20 minutes that I waited- Experiments 
with other in ate rials were carried on after this until September 6, 
1911, when u 10 per cent solution of sodium chloride was employed. 
Pieces of liver wens placed in the solution. Tho birds wore exceed¬ 
ingly hungry and ate voraciously, paying no attention to the salt 
solution. On September 2'i a 2(1 per cent solution of common table 
salt was tried with pieces of liver. The birds were not so hungry at 
tills time. One went Lo the dish containing the salt, solution and 
picked up a piece of liver with the tip of its beak. After a few 
minutes of cautious manipulation of the liver it was taken into the 
birds mouth, only to be hurriedly ejected. The gull at once jumped 
into the swimming tank nnd drank water, washing its beak vigorously. 
The other gulls did not take any food on this occasion while I was 
present. Later, similar reactions were obtained with weaker solutions 
of table salt and also with weak acids. Food wjis often rejected, 
even when the taste was just perceptible to me under the conditions 
of tho experiments. 

So fur I have almost no significant results with hitter and sweet 
solutions, although a great many tests have liven attempted. This 
has been surprising to me, as results were obtained readily with chicks 
und ducklings for the same solutions, with food, however, which 
would hold more of tin? solution. 

Th« P*>»nt of greatest interest to naturalists, perhaps, is tho 
reaction to salt solutions, as it has long been a question to what 
extent «? tt birds drink sea water or tolerato it in their food. My 
gulb were fresh-water birds, of course, m they came from Green 
Bay, hut field observations on sajt-watcr gulls are in agreement with 
my experimental results, so far as they go. 

.My own observations indicate that herring gulls, in cold weather, 
at least, do not need to drink often. They do not wander far from 
land relatively, and they are probably usually within R reasonable 
distance from fresh water. 

Though fish and other meat that has begun to spoil are oaten to 
some extent by very hungry gulls, fresh food is evidently preferred. 
My captive gulls never touched spoiled liver, for instance* if not very 
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hungry, though fresh liver wits token promptly ntsuch a time. Liver 
which wjw ]uBt beginning to .«poii, If eaten, was not taken with the 
sutne greediness, and a smaller quantity was swallowed. Tho first 
piece of fainted meat might be taken eagerly and sometimes partly 
swallowed, only to bo rejected. One or more pieces might bo swal- 
mwed in Juste if the birds were exceedingly hungry, before signs of 
disgiist appeared. Other pieces were handled with care on the same 
occasion, if touched at all. Bread which had been soaked in water 
t had contained surh food as fresh taw liver was eaten more 
eagerly than when plain water was used to moisten the bread. 

It was a common practice of my captive gulls to carry some of 
Ihcir food to their swimming tank, whore they would play’"with it in 
the water. A piece of liver would be held in the beak and moved 
a bo at under water with quick jerks of the head or dropped in the 
water to he sei^d before it had sunk far. This performance Im¬ 
pelled more frequently when the food had been lying in n chemical 
solution or when it had accumulated considerable dirt as a conso- 
of having bean dragged cm the ground. Such rinsing of the 
food did not occur at even- feeding, but was usual. The extant to 
wftirh tho food was thus treated also depended upciti the degree of 
hunger. When vary hungry, food was bolted in a few seconds 
without much playing with it except sometimes with the last niece 
akcu if hungyr had been satisfied by the amount of food placed 
before tho birds. 1 


4, tMcr rrndioiut— It is generally known that birds have a 
spis ml development of nerves and endings of general sensation 
about the month with large trigeminal nerves for the sense organs 
involved. It m consequently reasonable to export that mv mills 
when suspiciously manipulating food of uncertain pidaUbUaia eT 
ploy their general sensation to n large extent. We do nut know to 
how great an extent general sensation and the taste sense are used 

relatively by birds hut such information as is aval.* indicates 

that the former plays the larger part. Jt has been shown hr 
Botez&l, f°r the birds which he studied that taste endings occur 

trar U \ * i W ^ n nn ^ moot * 1 cavit y especially at tins cm 
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mouth wh«e trigeminal nerve on dings occur is first used in testing 
food. It is quite probable that the salt solution adhering to the pieco 
of liver did not stimulate the trigeminal nerve endings of the bird in 
tho experiment and so was swallowed, with a consequent strung stim¬ 
ulation of taste endings as llio food slipped into the gullet. 1 hare 
Qiiide similar observations on this behavior of my gulls when given 
uncertain food, on a number of occasions. It b not improbable that 
mutual relations of st imuli exist Wween the general sensation of the 
mouth region and oil her small or taste, or between all three. Rem I- 
ers who may lie interested in tho physiology of the beak region are 
referred to Edinger's 1 suggestions. 

GulLs regularly show a positive reaction to strong air currents; 
thul is, they faro a heavy wind whether standing or swimming and 
usually when flying. This reaction is illustrated in plato 9, figure t. 
where an adult and a number of juveimb are seen facing a heavy 
wind. Rain was falling when the picture was taken. 

When tho wind k exceptionally heavy, especially if min k fulling, 
gulls are commonly seen flying, and they face the wind a largo part 
of 1 he time. During an exceedingly violent storm which occurred in 
tho early afternoon of duly 15, 1911, whan I was on one of the Sister 
Islands, all of tho gulls able to fly took to the air. Their flight ma¬ 
neuver were similar to those which gulls so often show over u beach 
during a gale at other times of the year. It is obviously more con¬ 
venient to face a heavy wind, as the bird’s body is adapted to meeting 
air currents head on with little horizontal resistance. 

Extremes of temperature apparently give gulls considerable dis¬ 
tress. On » hot day the brooding gull pants a great deal, even when 
perfectly quiet on tho nest. 

Young gulls, especially if excited, pant constantly when tho tem¬ 
perature is as high us 00° F. (PL 9, fig. 2.) My captive gulk l*v 
carne very uncomfortable, apparently, and panted a great deal after 
taking only a few short flights of several yards each in their inclosore 
on a hot day. At such times they seek water und, if undisturbed, 
indulge in much bathing. 

In zero went her (Fahrenheit) my captive gulls, though well fed and 
bn , appeared to suffer from cold, especially after eating cold food. 
IMum the ground was covered with snow or ice in zero weather, tho 
gulls squatted upon their feet, apparently to keep them protected 
by their plumage. They rarely stood up at such times except when 
disturbed «r to obtain food. They also showed their sensitiveness 
to cold by shivering, alt hough probably in perfect health. Wild gulls 
*dth abunda nt opportunities for flying apparently keep warm by 
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being active, und 1 hiivo not siMm them stowing such distress from 
cold. 

IX, BATHING AND DRINKING* 

References hare already hern rnnde in this paper to the frequency 
with which herring gulls baths in warm weather. My captive gulls 
enjoyed swimming and bathing in th&ir tank, even in winter, so Jong 
ns the temperature of the air was not very much below freezing. 
When swim tiling, the herring guD sits high on the water, probably in 
part because of the large amount of air contained in the dense ventral 
plumage. Possibly this extreme buoyancy, wludi also involves a 
large pnoumatization of the skeleton, explains the fact that gulls do 
not often dive to the extent of completely immersing their bodies. 

When bathing the herring gull dip** its biD ; and often the entire 
head; into the water with rapid bowing movements. At the same 
time the wings are napped vigorously and water is sploshed over the 
cm in': body. The perform unco is more or hm (ho same whether the 
bird is floating on water or standing in shallow water. 

During the colder weather of Lho winter my captive gulls were de¬ 
prived of tdl opportunities for bathing, as their tank was emptied, 
They became very dirty, conscquenlly, in a city like Chicago. With 
the coming of each spring the tank Was refilled arid u regular orgy of 
bathing followed* Each bath lasted for several minutes and wos fol¬ 
lowed by feather dmshig and partial drying of Lho plumage. Thru 
another bath was taken. This would continue for an hour or more. 
In die course of two or three days the plumage become quite clean. 

On duly 2% 1911, I found u young herring gull at otu> of thei Strew- 
berry Islands in well-developed plumage and apparently old enough 
to fly, It Wits silting quietly on the ground at lho baso of u ti™ 50 
fuel from water. Ou examination I found Lho bird to ho very much 
emaciated; it waa too weak Lo make effective efforts to vscujfo—in 
fart it could not stand upright. I took the gull lo tlio water and 
gave it a chance to drink. It wag evidently very thiraly and drunk 
eagerly, After taking what water it wished the bird took a bath, 
going through such movements as its limited strength and my grasp 
would allow. During the following week I gave this bird frequent 
opportunities to bathe, always holding it in mv hands, and the bath 
was always taken without hesitation, The principal features were a 
plunging of the head under water with a quick removal, followed by 
a shake of the head, which sploshed water over the body. Tliia bird 
ate ravenously, but it was too weak to stand up for any length of 
time and died in about two weeks. An autopsy was performed by 
a pathologist, who w ft „<t unable to find any other explanation for its 
death than the starvation the bird had experienced before I found it. 

During the bathing performance the gull appeals to drink more 
or less water, hut it is difficult to say how much is taken. In hot 
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weather thorn appear b if> b& considerable water drinking by brooding 
hinis. The gull which appears in plate 5 f %uro 2 f was at udied care- 
fully from my tent for several hours ou June 2f> p which was a very 
witrrn day* During the middle of the day this bird made trips to 
the beach edge for water so frequently that I tuned some of the 
periods. 1 found that the intervals between drinks varied from 3 to 
10 minutes. There was more or less bathing each t ime the bird wont 
to water* I did not note any water drinking by gulls not brooding at 
the breeding place. 

My captive gulls seemed to need very little water to drink in cold 
WEftther* During ihe first winter it was my practice to take warm 
water to the gull yard+ which would not freeze over immediately. In 
the winter of I911—12 the temperature was below 0° F. for some weeks, 
and during quite a portion of this time there was ueither snow nor ice 
in the place occupied by t he gulls. No other opportunities ware pres¬ 
ent for the gulls to secure water than in their food or in the very slight 
amount of water which adhered to the food* mostly liver, I never 
saw any evidence of interest in the water which I brought to the gulls 
and they seemed to thrive without it. 

A. PERCHING. 

The herring gull being a web-footed bird, would not be expected 
to have a perching habit, nevertheless it dues perch sometimes, after 
a fashion. One of my captive gulls may be- seen in plate 10 perched on 
the side of the swimming Lank, a position not infrequently assumed 
by these birds on leaving the water. On July 29 I saw herring gulls 
perched in the foliage of the upper outermost branches of lall trees? 
on one of the Si rawherry Ialan de . They did no t reniam i he re lu ug m i d 
they presented the appearance of standing on foliage rather than on 
single limbs. 

Other observers have reported seeing herring gulls perched in trees. 
Of course there h no such gripping of the perch by the feet of a gull 
as k done by a true peruliing bird. 

XI, COBfPABISON OF DIURNAL AND NOCTURNAL BEHAVIOR* 

As Herrick 1 has well said, there is no repose by day or night in a 
gull colony- Adults take naps at all hours, either while on the nest 
or standing near. Often they simply doze, with the head drawn close 
to the body and the eyes shut, or the bill may lx* tucked inside a wing 
with tho eyes either open or closed in view. During the day groups 
of gulls stand about dozing, as may be seen in plate S 5 figure 2* 

In order to get an idm of the entire daily cycle of activities at a 
gull-breeding place p I spent a night at one of the Strawberry Islands, 
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I arranged my trij> so that it would cover those hours not included 
□n other days. Ward al^o spent u night at a gull colony, and I quote 
his interesting account 1 of his as follows: 

Sleep seemed to occur perb^p? a little more frequently during the iimi hours of 
the aitcmocia than *t irthor timee. though pretty evenly di-triLutod through the 24 
Ihjuw, The birds ^.muL'tirtiw stood, but mum frequently squatted m this ground and 
turned UheLt Itesids nvw tlirir bucks Mil tucked them under their wing feathers, Bleep 
was vt very -hurt dLimtiria 1 jlh fij^ht? T panice, luid alamw of various Aiirtfl followed one 
another too ckwly in allow of unbmk^n. repope for more llum a few minutes at a lime* 
The night that I spent among them there wm? I w steep than during tho day. Thu nun 
eel about hah past 7, but at H o'clock tbo colony was as busy &a ever fighting, making 
abortive nests, and screaming. At 10 minutes pswt 8 the moon Grose 3 and 10 miniitad 
later nearly nil the gulhs suddtmly took wing in what I conceived to Ik? n panic, until 
nhLPrtlv afterowl* 1 spied a huge flock of them on the water in the direction of tho 
nvMm. later they worked around the bfknd, m that I whb between them smrl the 
maoUp and I could then m that they were busily fishing. My note# ccmtmuo up to a 
quarter of 3L, when 1 fell Mtaerp wJUi the gnlb still on the water mul noisy. When I 
aw oke nt 20 minutes after -1 the mm wius up, mriei of the gulls were c& the inland, and 
many young were teasing a few adults for birnkfafL 


On July 7, 1911 F fit 7.20 in tfatf ewning, I was on the island and l 
Ut the next morning at 7.05. My blind woa erected and I w as inside 
ready for work at 7*45 when my companion left the tent mid went 
aw ay in the motor boat that had brought us. Within 10 minutes the 
gulls had settled down to normal activities, i + p +t when the boat had 
gone a fair distance from shore. The challenge"’ and mowing cries 
wore made a number of times during the Following half hour. I ako 
heard the quack of a red-breasted merganser occasionally during this 
period, and a bronzed gracklc flew near lhe tent* At S~25 a spotted 
sandpiper call w as heard, also a very young gull apparently calling for 
food* By 8.4U It was too dark to see my writing and Lko gulls were 
quieter. There waft an outbreak of nob®, however, at 8.43, which 
lusted for a minute or so. I used a small pocket electric flttdhflglit, 
carefully concealed during the night, to sec my watch and to make 
notes. 


About 9,30, when ilia sunset glow was practically gotic, a board 
wiis knocked down from one end of my tent, making a noise which 
alarmed the whole colony, urn I no birds came near inv toot except, 
in flight, so far as I could determine, until daybreak. Tim moon 
fter about \ a. m., and there was only starlight. I could not see any 
Inrd*. but I could hear them flying about all night, giving lhe alarm 
cry at intervals. Thu gulls were less noisy from 1 to 2.45* Small 
javeiinh were heard calling occasionally through tbenight. 

Shortly before 3 the first glow of approaching day appeared in the 
oa^t. and the guHs began to settle down near niv tent. They also 
iiecame veiy noisy, frqieeiqlly with the d.ollrnge cry. At this time 
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I noted a female rod-b related merganser playing in the water not 
tunny feet away* Song sparrows were singing arid bronzed grackles 
were agtim A few minutes Inter a very small Juvenal gull ran to 
the edge of my tent some 50 feet from where I first saw it. It passed 
within 5 feet of two adults, who gave it no attention. The sun rose 
about. 4.20, and at 4.25 two adult gulla came within 3 feet of my tenL, 
where they remained about a minute- They then flew away a short 
distance and returned to a point about 10 feet distant. No birds 
wore seen on nests, as the incubation season was over on this island. 

At MO I noted gulb bathing, and at 5 I saw a very small juvenal 
puddling ashore. A fight occurred between two adults which was 
broken up by the interference of a third adult. About the same 
time I saw an attack on a Juvenal gull by an adult resented by another 
adult. Challenge cries and mewing calls made a great noise nt this 
time. Other Juvenals which had been standing near the place where 
the a it ac k was made disappeared. 

A few moments later 1 saw three gulls worrying a great blue heron 
in full flight, much as kingbirds harass a crow. The heron finally 
disappeared in the woods on the largest of the Strawberry Islands, 
where a heronry wm located, and from which I had heard noises 
throughout the night. 

Another light between adults occurred at 5*15, und T as usual, with 
no apparent injury to the participants. When the contest was over 
the two birds faced each other and made a feint at renewinghostilities. 
Then they went through the challenge performance simultaneously. 

At 5J25 I noted that I had seen no feeding and that most of the 
juvenilis gave no evidence of desiring their parents, but at 5-45 I saw 
il downy jnvenal teasing an adult for food, and a feeding occurred a 
few minutes hiler. After the feeding both birds drank water, and 
the adult swam out from shore about 20 feet where it took a bath. 
I noted at fj.25 that downy Juvenals were standing idly most of the 
time or dressing their phimoge. An adult approached a Juvenal, 
and another adult Jlew to the spot, apparently to drive the first adult 
aftsy. 

I was unable to determine what the gulls were doing during the 
darker part of the night after the setting of the moon beyond the Hy¬ 
ing already mentioned. Judging from the sounds, many of them were 
on the water, afi ™ t he ca.se during Word's night at Gravel Maud* 
Whether the failing of the board hud any tiling to do with the absence 
<'f the gulls from at least my part of the islandto uncertain* As the 
h'mls left Gravel Island at nearly the same time in the evening accord¬ 
ing to Ward's observations, there b some reason to believe that Lho 
hoard accident was not responsible. Jt is conceivable that there 
was some fear of the tent in the darkness which did not exist in day- 
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light. Of possibly the* birds feel safer on the water at night and iivo 
in the tuibit of remaining thera in a flock during a major portion of 
the night who it uneasy. 

During the night of July 5 and fi, 1007, I camped on Partridge 
Island * in Lake Superior, about 1 mile from Gull Island, whom a 
colony of gulk wore breeding. In the latter part of the night, just 
before dawn, I heard the cries of gulls flying overhead* The night 
had been very dark as the sky wm clouded. 

Some observations on the nocturnal activities of herring gulk 
have been reported by Schuster. 3 He noted these birds feeding on 
the river Mersey at Liverpool. Lmge quantities of food, thrown 
into the river at night from ships, are stated to bo responsible for this 
nocturnal feeding. The gulls are described as flying and feeding 
eikntly. 

Various writers speak of gulls l+ roosting' 1 at night, and ray captive 
gulk apparently sleep during the night, m a rule. Il seems probable 
that gulls usually rest during the niglit h except during the breeding 
eurn or when food i& especially available at night. It is also prob¬ 
able that gulls are not active when the darkness is intense. 

XH VARIABILITY AND MODIFIABILITY IN BEHAVIOR. 


According to Herrick/ whose conclusions art 1 in gouorol supported 
by my own observations: 


The life nf h'mh is onu of hu-iindt imdhW by gleanifl qI intdli^n &. Thdr 
meat*! lac aides exhibit a widu <4 prsuiiuka imm excc&iva stupidity to a fair 
dcgn» of [niel1^oc& wit.li ntnuiR pjwi-n ^f things vith id™. 

In my study of tho herring gull I have been especially interested in 
ut tempt.' at determining the extent of the “gleams," a fascinating 
but very elusive topic. The resourcefulness which animals show in 
new situations mid the extent to which their behavior may be modi- 
fied by new co milt ions may be considered fair criteria of their intetli- 
jxeuce. Variability in behavior, however, has some boaring on the 
problem of intelligence. We must rocogniiso perhaps two types pf 
variability in behavior which do not indicate intelligence ns it is 
commonly understood They may even tend toward confusion in 
our analyses of behavior, as nets which may seein to indicate resource¬ 
fulness or adapt ivunaai tuny be only variations in stereotyped be¬ 
havior. ” ' r 

It k to he expected that so-called pure lines or strains may bo 
found among the Iwliavior characteristics of u species ns well ns in 
other characters. Some of these strains may possibly bo the result 
of nr in- m-cent un I ci I by such segregation as is afforded by sopor a to 
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breeding places. Unfortunately wo know not king MUCOTking the 
relationships of individuals in one oniony to these of another. Wo 
have no information concerning whether gulls breeding at one of the 
Strawberry Islands, for instance, have interbred in recent years 
with Gravel Island gulls* Furihermow, we have no data, as yet* 
concerning the existence of definable pure lines in the morphological 
characters of herring gulfs. 

The other type of variability in behavior is not associated with 
pure line inheritance. It represents simple chance variations from 
the average type of behavior which tiro to he expected just m we 
find varialions in morphological characters. 

In the section of this paper which deals with Lhc general behavior 
of Juvenal gul h 1 mentioned variability in the behavior of some 
newly hatched gulls, A single bird in one nest showed no terror* 
whereas two nestlings of essentially the same ago in another nest 
were in great distress from fright over the presence of human 
intruders- I can think of no reason for considering that either the 
quiet bird or the frantic pair were more intelligent or that either 
form of behavior was adaptive. Nor have wo reason to believe that 
it was a case of pure line differentiation. It &&nm quite possible 
that chance variations in the metabolic states of the birds or possihiv 
hi their nervous organisation were ri^porisible for the difference in 
reaction to our presence. It is conceivable ihat the reactions would 
have been either similar or reversed if we bad approached the nests 
a few J lours Inter, 

A largo amount of variation lias been noted in the choice of mate¬ 
rials used in constructing the rmt. Evidently the herring gull 
uses what is available with it preference for finer and softer mate- 
rials, ll seems probable to me (hut such nest building* which fe 
evidently mostly instinctive or stereotyped. Is not absolutely without 
tins ideuienu of intelligence. There must be adaptation of special 
materials which may be found, to use ami location. Though tbs 
general form, size, and location of the nest as re elm rectors of the 
species, the variations which fit the nest to its special location* for 
instance, are no more stereotyped than various acts of man Which 
are called intelligent. 

As a consequence of persistent nest robbing, gulls at certain 
breeding places have been reported m taking on a tree-nestiug habit . 
I know of no evidence worth considering for believing that the 
recent ancestor^ of such birds were tree nesters* and wo have every 
reason for considering the inbivised choice of location for most her- 
ring gulh as on the ground. 

We have already seen in this paper that even the structure of the 
ursi may be modified in adaptation to the location in a tree. More 
fckUJ is shown in weaving the nc*4 f according to reports, so that it 
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will hold together in its tree location. Of couhm* it may ho said 
tJmt tree nesting by the herring gull may be due to a so-called Intent 
instinct which appear* when persecution compels the bird to seek 
u safer place for its nests. We have, however, no reason to believe 
that instinct behaves in inheritance differently than other charac¬ 
ter*. Our knowledge of tlie laws of inheritance docs not furnish 
any hosts for thinking that an instinct for tree nesting can exist for 
long periods of lime in n species that has another habit, without itself 
appearing. 

Herrick 1 scents to consider tree nesting for the herring gull to 
be a variation without much significance. He found a small per¬ 
centage of gulls nesting in trees at a height of from 6 to 10 feet. In 
his judgment, this position affords no protection to the birds. I 
have seen no nests above the ground, though trees and hushes cover 
roost of the ground on aU but two of the islands where I have seen 
gulls breeding. 

To me such tree nesting as Audubon 1 described suggests real 
resourcefulness, hut wo know ton little about it to be warranted in 
making any generalizations concerning the intelligence it may 
involve. In seme colonies tree nesting may possibly be the inherited 
halrit or instinct uf certain strains or '‘pure lines” of herring gulls. 

The nestling offspring of tree-nesting gulls are reported as remain¬ 
ing in the nest when observed, though gulls of thn same ago on the 
ground would never be found in the nest, but would always be hiding. 
That tme-nesi ing juvetuils do not leave 1 heir nest until they are able 
to da so without injury is probably due to a realization of the danger 
involved in such an attempt. This remaining in the nest under 
such circumstances may possibly be regarded ns intelligent behavior 
of perhaps u low order which prevails over any blind instinct to 
leave the nest to hide when intruders appear. Just how much this 
behavior is tied up with instinctive activity is of course beyond our 
knowledge. 

The promiscuous feeding of ju venal gulls at Gravel Island appeared 
to rue to be a variation from the probably usual habit of parents 
feeding their own offspring. Unfortunately, we lack data for ostab- 
lidiing the extent of this variation. It could easily bo the conse¬ 
quence of l he congested life on the island. 1 have noticed that 
ju venal Wilson's terns seek food of any adult that mav happen to 
come near them with food in its beak, but all of my observation# indi- 
cate that the parent tern probably feeds its own offspring. The 
gull must go through the some what complicated process of re¬ 
gurgi tation, which seem s far from voluntary. Large numbers of 

i iiMirfrk. f . n. f N<wti bJjiI qni Iniihlkii Iel liirdi I’ut 3, Jflurn. AnW HcJijy hr t^TTZT 
nil- VolL I. N^ I, pp. ^H-JT7 ™ 

i J J, Oralilurirt^lrsJ fafapipbr. fcdfclnfh, a. ^ 





HABtTS OF THB ITEBftlNG I*tlL'L—STRONG, 


507 


juveim1 gulls crowding abouL an adult who, perhaps* secs its own 
offspring in the mob may be able to snatch tho food regurgitated 
w\ t hunt regard to parental relationships. 

A large number of so-called lower birds like ducks, coots, etc., and 
the various species of gulls loam rather rapidly where they may feed 
and breed without molestation by man. In the course of only a 
week wild ducks become far Um shy on bodies of water hr or about 
ci iim than when they arrive, a matter of common observation. 
Gulls likewise recognize even more positively that they are rela¬ 
tively safe in such places, but they arc exceedingly wary wherever 
shouting occurs Smh titer riminnt ion undoubtedly involves at 
least the rudiments of intelligence even though the activities in ques¬ 
tion may be largely hist inclive. 

I had hoped to carry on some experiments on modifiability in be¬ 
havior with suite, but my time ™ taken up so largely with the gen¬ 
eral observations which I thought should come first that only a 
single experiment wae started. An entire nest was moved 4 feet, to 
one side at a distance of about 100 feet from tny tent. Tho nest was 
under observation for several hours, and what appeared to he tire 
owners wore seen standing about the spot where the nest had been 
located * Though the birds seemed to be disturbed, they did not 
make any significant demonstrations of excitement, and they did 
not all erupt to brood the eggs, 

stjmmabyj 

U The herring gull is gregarious in habit, but it is also quarrelsome. 
Some of the fights arc undoubtedly the consequence of invasions 
upon nesting precinct, as stated by tier rick ^ but many are probably 
due to simple belligerency. This bird is often a great coward and 
may be routed by smaller birds. The fights between adults have 
always been harmless, in my experience. Herring gulls will fight 
fiercely for food when vciy hungry 

2, Herrick's cuneksinu that the frequent killing of tiie young by 
adults is the consequence of the instinct to guard a nesting precinct 
probably holds true in many cases. There is, however* some evi¬ 
dence that this te not always tho explanation* Juvenals sometimes 
attack younger birds just as savagly as the adults do and in the same 
mariner. 

3. Other birds often nest safely oven on a small island densely 
populated by breeding gtilte. 

4 Tho herring gull nests usually in places tho most in accessible 
to limn that are available. The breeding place is usually on an tel and 
not inhabited by man. When seeking Food or aside from the breed- 
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ing season this bird is frequently to be seen near hum ah habitations 
on the coast or fnfluwmg vessels, 

5. Tlits gull is practically omnivorous in its habits, according to the 
observations of various writers. Animal food is preferred, but other 
food may he eaten if the bird is hungry enough, 

CL The herring gull does not dive for its food to any exton4 and it 
never plunges vertically into llie water, as terns do. 

7, The nests are made of such material m is available, but fine 
materials are preferred. 

8. The offspring are shaded by their parents on a hot (lay until 
they are strong enough to leave their nest und seek a shaded spot. 

fl + Tlio young arc given food which is first regurgitated upon the 
ground* There may be promiscuous fee ding of young birds by adults 
not their parents. 

10. Herring gulls which I have had in my possession since they 
were in the nestling-down plumage were less mature in plumage at 
two years than is indicated by Dwight for birds of that age* It is 
my judgment that herring gulk rarely breed before they am 3 
years old. All of the breeding herring gulls which I have seen were 
adult*, so far os 1 could determine. 

11. It has been tny experience that tho young are at least 2 
months old before they begin to fly wdL 

12. I have given especial attention to the voice of the herring 
guIL The most frequent sounds are the “ challenge M and the 
14 alarm fl cry. A “mowing 1 * sound k fairly common. These cries 
all involve characteristic positions, especially the “ challenge !t and 
ir mfsw, T * The a cludleiige^ deems to represent a variety of emrh 
tional states, but, in general, excitement, Tho young have a charac¬ 
teristic squeal or chatter, which is high pitched. It k used in calling 
for food or with a little modification when frightened. My captive 
gulls began to use what appeared to he a rudimentary “challenge 4 * 
cry in September of their first year, 

13. Both vision and hearing are keen in this Inuring gull, a* up- 
pears to be die case with most birds. 

H. It has been my experience that the herring gull has nearly as 
good darkness vision as man at least. During the breeding seu^ 
son, or when food is best, obtained at night, thk bird is active at 
night. My captive guUs would cat, if very hungry, when there Was 
barely light enough fur me to distinguish their food, 

IS- ^ mk1 wl dch k wet with solutions of either table solt or adds k 
rejected. My birds detected the presence of these solutions evou 
when they were very weak to my taste* 

HL Meat k eaten much more readily when it k fresh, Tim ex¬ 
tent to which spoiled meat L§ tolerated varies directly with the degree 
of hunger. 



ILAMTS OF THE ITEItRr>'0 QUU-—STHONG- 509 

17 . It bs a common practice of these birds to rinse in water food 
of tmoerta ; u pulatablcuoss or when it b dirty, 

IS* Some evidence was obtained concerning tie use of nerves of 
general sensation in testing food. 

ID. A positive reaction h shown to mr currents. In n severe 
storm gulls h ave tie ground unit indulge in flight maneuvers. 

20. The herring gull is sensitive to extremes in temperature. In 
very cold weather the feet are kept protected by the plumage a large 
portion of the time. 

21. There k a large amount of bathing, especially in hot weather. 
In very cold weather no water seems to be required beyond that 
present in the food obtained. 



*- 



notes on some effects of extreme drought or 

WATERBERG, SOUTH AFRICA. 1 


By Advocate Euofcttis N. Mahaib, E- J. F„ EietfoDigin, 'WatefbeqE* 


The gradual but continuous diminution of the surface water of the 
earth is undoubtedly iho chief dement in our cosmic history since 
long Wore the advent of man. The change in environment occa¬ 
sioned by it has been the great moving cause of natural selection and 
the evolution of living aperies. 

If we study this loss in the two continents where water has reached 
such a degree of scarcity as to render its present rate of lessening 
an outstanding natural feature,, the progress not only becomes more 
noticeable, but aim more easily me el ruble. In Asia and Africa* the 
two f, dry” continents, the disappearance cjf water annually h so 
great that it seems to justify the prediction of the French astronomer, 
Fl&nimarion, that within a measurable spare of time the human race 
is to find in this cause its fin*fl eclipse. In Europe and America, the 
11 wet" continents, water is still too plentiful to make its yearly less¬ 
ening a matter of much moment; but they are certainly not exempt. 
If one compares, for instance, the facts disclosed in ihe hist erica of 
early Roman conquest with existing conditions, it would appear that 
what are now comparatively dry countries and fertile tracts were 
in those times an unending success ion of m&ndira with broad sluggish 
rivers winding from mere to mere. 

In Asia n comparison between tho observations of tho Russian 
explorers of 50 years ago with those of Sven Ilcdin reveals tho fact 
that even in that short space of t ime the desert baa taken in thousands 
upon thousands of square miles of once fertile country, Rivera and 
lakes have vanished and even populous cities have boon obliterated 
by the all-conquering sand. 

Just as rapidly are the great lakes of Africa shrinking. Our own 
N'garni was a real lake h ws than 50 years ago; now it is no more than 
a marsh threatened with speedy extinction. Lake Rudolf, that most 
perfect diadorn in the girdle of the globe, b approached on one aide 
(that opposite Rowenzori) over enormous plateaus of dry mud 
which were quite recently covered by the waters of the lake, and 
yearly a new belt is added to these mud flats, a process that becomes 
alarming when one remembers thAt upon this great natural reservoir 
hugely depends the fate of the Nile and of lertile Egypt. 

J S*jir&sSi!il by pennJaatan ffiita ihn AjEriroStriral Jnmul erf Lhi Vnim o[ South Airtaa. Fi’hmajy. I91-L 
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Nothing is more fallacious than lie old doctrine that evaporation 
and precipitation of moisture constitute a perfect cycle without tin 
possibility of loss. , As n matter of fact the earth is sucking up moisture 
like a sponge, and a vast quantity each day penetrates the surface to 
subterranean depths from which no natural cause releases it again, and 
where it. is apparently beyond the reach of man’s utmost ingenuity. 

The recent geological history of Wntcrberg in. this respect is 
extremely interesting and convincing. That in quite recent geological 
times the major [H>rtiun of its surface was covered by a great hike is 
a thing beyond question. Th<< barrier of waters to the north was a 
plateau of which a portion still remains in situ. A few of the original 
islands, now strangely formed lumboidul hills, with wave marks 
still visible on their rocks, .stand like a row of sentinels in the low 
country Jus! beyond the edge of the plateau. From the south greet, 
rivers deposited ih< ir shingle on the shores and bottom of the lake. 
Some upheaval destroyed ail the eastern portion of this burner, <uul 
the confined waters escaped northward and eastward to form no tv 
rivers when the fust floods had subsided. The shingle mixed with 
the hike sand was buried under the products of this eruption, and 
aft er being subjected to immense pressure, the Ispidesciml stuff was 
by another cataclysm released and scattered over the entire district, 
where it is uow known as Waterbeig conglomerate. On ilm highest 
hills and in the lowest valleys you find it studded with highly polished 
lacustrine pebbles, us if yesterday they had been taken from the 
water. Only on uninjured fragments of the plateau which once 
formed the heights above the lake shore you find none of it, but on the 
slopes of this high country, just below the surface, one finds layers 
of beautiful lacustrine shells sometimes 2 or 3 feet in depth.* Since 
that debacle the geological history of Waterberg ha* chiefly been one 
of rapid deskeatun. Broad over its surface lies tho writing which 
he who runs may read. There was a time within the memory of 
white men, when every kloof ami donga was the bed of a perennial 
stream of crystal water and the district generally was so marshy and 

vala" as often to render a passage by ox wagon a hazardous under- 
taking. In those times was its present name bestowed on tho dis¬ 
trict—a name that today seems to have originated in the bitter irony 
of ao*m disappointed voortrekker. J 

Evenwithin the lost half-century Wat or berg was, to dwellers on 
Hits mga veld, synonymous with a sort of lotus land of fcrtilitv 
literally^overflowing with milk and honey. So plentiful were thc^ 
lwo emblems and proofs of fruitfulness that the good wives of those 
times fatLuaed their pigs on a mixture of expressed honey and“ thick ” 
milk, f ruit, wild an d domestic, was proverbial for size and plenty. 

i On If Un. ^ U W, Lmuiim lain, f at » ^ 





DBOUUHT IN WATE.RBEEC;, SOUTH AFRICA—MARAIS. 513 

Every farmhouse had a water mill, ami n spirit-still smoking night 
and day. It was the last great stronghold of liig game id the northern 
Transvaal. It will ho remembered that it was to Schimmet-perd-so- 
pan that Markapnn invited Commandant Potgieter for elephant 
shooting when hi* had planned die murder. It is perhaps true that 
man find here also to procure his bread in tho sweat of his brow. He 
had to work in order to live, but his work was so uncommonly like 
play tluit not without reason was the district named "Lui-lekkcr- 
luud.” A salted horse and a good rillo were the prime necessaries of 
life, and many a fine farm was swapped for one of these. 

That, was the picture then. And now t Tajiiamc aniviis olnttims 
irae? 

Last season was a culmination of several drought years. It was 
the worst drought ever experienced in this district since its settlement 
by whites, and this statement is made on surer evidence than the 
unassisted recollection of the “oldest" inhabitant. One can not be 
too doubtful of such evidence. By an eclectic acceptance of such 
statement* nno can find foundation for almost any sort of theory. 
Even one's own recollection must bo consulted with considerable 
reserve. No one who Ilsk grown up in this country but scorns to 
remember a Transvaal of broad ilcep rivers, of mighty rains, of 
beautiful springs, spruits, and waterfalls. Valuing tins uo more than 
one would hearsay evidence in law, there is in Water berg a mass of 
confirmatory evidence which places the above statement beyond 
doubt. I aki* only one fact: Lost season a large number of orange 
groves perished from drought of which the trees were over 50 years old. 
And in addition to the facts such as these, a Little study of drought 
conditions and the dimimit ion of existing waters soon enables ono to 
follow the ancient spoor of once living streams, and even to assign 
an approximate, date of their final disappearance. With such col¬ 
lateral evidence human memory can, ttvU mteu*, be valued correctly. 
Tlic assertion, therefore, may be safety accepted that lost year was 
the worst drought year experienced in this district since tho advent 
of the voortrukkers. Over the greater portion of tho district the 
first ruins did not fall before tho middle of November, and over about 
^“df of the northern middle veld no ram fell at all, that is to say 
not sufficient rain to cause the veld seeds to germinate and tho plants 
to grow. This season has, in certain respects, been even more dis¬ 
astrous. In the early part of the season there were good but purely 
local showers. The grass and shrubs in these favored localities started 
fairly well, and then when rain was most needed for crops and veld 
alike it ceased altogether. This refers to the plateaus and mountains. 
In the north, with the exception of one or two localities, no rain has 
fallen this year, and again it is the end of November, 
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The effect* of such a drought open a vast Jietd for research, of which 
almost every ascertained fact would be of the moot vital importance 
to the inhabitants of South Africa. Not to tho naturalist only are 
these facta of interest and value. To the farmer their study would 
afford jin essential arm in his struggle for existence la an article 
such as this it is possible to touch an a few of these facts only. Many 
experiments and comparative measurements were made which might 
he of some value for the purposes of exact research, but a detail of 
them would hardly be admissible here. 1 will coniine myself then** 
fore to a brief description of the more immediately perceptible effects 
of the drought on surface water, on plants, and on animals—facts 
that would strike any observant visitor. 

It is impossible, unless one suw, to conceive tho scene of utter 
desolation—that, unco famous hunting ground between Gaul ami 
Mugulukwcn, extending north ward from the mountains, to the 
Limpopo and Constituting the lateral watersheds between tho three 
river systems- The two rivers, Miigakkweii (“ the strength” or 
^stronghold of tho crocodiled and Pahik (“the hindeniess/ 1, “the 
stoppage/ 1 “tho impossible 5 % bearing in their native names proof 
of their former great ikes?, are to-day mere ribbands of sand winding 
through desolate sand dunes to the Limpopo. For some distance 
along their course one cim still secure water by digging holes In the 
sand. It will try the reader's faith to learn that in I he entire district 
of V* aterherg there is at the date of w riting with perhaps uijo excep¬ 
tion, no running river or spruit, and Waterberg is, I believe, consider¬ 
ably larger than the Free Stale. Li the north of the district there 
is a tract over 4,000 square miles in extent in which there is no single 
drop of water running or stagnant above the surface of the ground. 

Schimmchperd-se^ua, tho last great center of elepbanL hunting 
in Lbe Trans-void, received its name from the legendary feat of an 
intrepid voortrekker, who, braving its dangerous subaqueous weeds, 
swam his horse across the pan with a quarter of an eland behind the 
aatidle. Now there k never more w ater m the pan than cun he 
covered with a lady's pocket handkerchief. The water supply con- 
skU of a tiny pool deep under a ukfiUermg rock, and at the time of 
writing this ha* shrunk away till nothing is left but a patch of damp 
aund. Similarly have all the famous old waters of the great hunting 
days disappeared for the first time within the memory of mair 
id though hi those who had an opportunity of studying their annual 
shrinkage their fate has for many years been u foregone conclusion. 
Tambootic, a huge numb, always dangerous to cross; Sandmans- 
fantein t a beautiful strong spring in the hills, named after the only 
hunter who attempted to make hk homo there in the old days- 
Bobbojans Krone, where tho w ater boiled out under a precipice and 
where the finest Kaffir cattle in the middle veld wore U> bo seen three 
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years ngri-.all have vanished, and with the ending of the waters the 
groat bards of cattle lim fled in all dir rations. All that once teeming 
pasturage Uss (lend and desolate. 

But it is oat in the middle veld alone that tliis state of affairs 
obtains. There arehundreds of farms in our burned hit e vicinity which 
have the same talc to tell. One can take them absolutely at random. 
Zw art kloof, for instance, was selected by the late Mr. Piet du Toil, 
a voortrekker, on account of its munificent water supply. Up to 
recently it was still renowned as one of the best wheat farms in our 
ward, and its great herds of wild red Africander rattle were hunted 
aud shot like big game up to the time of the rinderpest. The present 
joint owners, Messrs. Franz and N'ols du Toil, were born ou the farm. 
The former is now 05 years of age. tie declares that never in hit 
lifetime was (hero even a perceptible lessening of tlse spruit. To-dav 
a well, 40 feet. deep, sunk in the source itself, is as dry as a bone. 
There is not a drop of drinking water on the farm. Thirty years ago 
there were no less than 11 perennial springs in its veld* And this 
same story ciui In- (old of almost every occupied farm in Watcrberg. 

The great Limpopo itself is drv for all the distance that its course 
delimits this district. Only by deep digging in ils sandv bed can 
drinking water be found. The larger seacow pools, it is true, si ill 
Contain stagnant water, but the majority of these arc almost putrid. 
The smell of fish and crocodile poisons the air in their vicinity, and 
d would be courting death to drink the soupy liquid they contain 
without previous filtering tmd boiling. After the recent heavy niins 
in Pretoria and Riistcnburg, and the Hoods consequent otv llieiu, 
( tic running water in the Limpopo reached 30 miles above Silika's 
Stad and was thorn—a mpr( > futile trickle dost in the burning sand 
of tlic river bed. Of all the iimuens.r quantities of water which at 
that time drained off the northern slopes of the high void, and at one 
lime must of the tributaries of the Limpopo were Heeded, not one drop 
reached the sea in the shape of Hewing water. 

The only waters hi the district which remain unaffected by the 
drought are the fairly numerous thermal springs. The farm on which 
the writer resides is dependent for all its water, both for drinking 
and irrigation, on a thermal spring, and careful measurements during 
the past five years show no diminution at its source. But this year 
the loss of water between the source and the dam inlet is GO per cent 
more than it was three years ago on the same date. 

The effect of the drought on plants was naturally in exact propor¬ 
tion to its effect ou surface waters. Early in the season of 1013 the 
belief gathered strength that a large proportion of sweet grass clumps 
iii the affected veld wore quite dead. The deepest roots under magni¬ 
fication showed a slate of desiccation precluding die possibility or life. 
This, however, was strenuously combated by the experience of old 
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saltiers. They seemed to think Hint no amount of drying-out could 
kill gras® clumps ns king as they remained in the ground. To (bride 
the question it was attempted to start growth in 200 (dumpa of sweet 
grass of different varieties growing cm soet^doom-veld by {lamping 
and shading. The result proved that 92 per cent were quite dead- 
The average number of seeds that germinated in and near these clumps 
was throe. Before the end of the season, however, most of the seeds 
represented by this artificially induced growth were in turn destroyed. 
Just enough ruin fell to start germination, and when they were at 
the tend crest stage of growth the sun scorched them to death. The 
result is that an enormous extent of sweet veld ha- been destroyed. 
On this farm the sweet veld looks more like a barren " brak 11 than the 
luxuriant pasturage it once was. 

The coarser “sour” grasses (Ariatidas) to a great extent escaped 
complete destruction. Ily t heir habit of growth the clumps are better 
able to resist drought. The thick fibrous covering just above the 
ground affords more root shade and is a better absorbing medium 
than the scantier clumps of the finer grasses. It seems to me quite 
evident that these so-called “sour" grosses are comparatively recent, 
invaders from the desert north, where natural selection hud long since 
fitted them to resist similar conditions. The native sweet grasses 
not able to adapt the motives to tliis changed environment ore losers 
in the struggle for existence. Therefore is it that all our sweet veld 
is yearly diminishing and the sour veld extending, In fact, it is 
almost impossible to get quit* pure sweet veld in Waterberg. Our 
best sweet veld would have been culled “ mixed void ” a few years ago. 
In the olden days Waterberg was a sweet-veld district. 


It is in their seeds that one can best see the high special Lotion 
attained by the sour grasses as drought resistance. Their manner of 
distribution and habit uf growth, were all evolved under stress of water- 
leasness in some semidesert country, Their life history is ime of 
those fairy tales of botany that might bo of interest even to the busy 
man who has no time to notice. With a body shaped like a torpedo 
and a long taper!ug tail, they have attained in perfection the tadpole 
shape, which nature finds of such advantage that she has evolved it 
a thousandfold in the highest and lowest forms of life—indeed it is 
probable that fmm such a shape have all organic forms originated 
Lm er low magnification it will be seen that both bndv and tad are 
thickly studded wiLb sharp sliIf bristles growing backward. Tlie 
point of the torpedo ia an intensely hard horny spike, sharp as the 
point of a needle with a conmal of harpoon points at its base. The 
ikHid is thus able to ding to the coals of animals, besides being easilv 
rnovi'd oil by lb, TOd. But tbeso qualities aw of more i„, 
value m another direction. It is above all things « „„netr n iin., 
machine how efficient one can judge from the foot thaUt is often 
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foutut in the internal tissues of animoia, having gono through coat, 
muscle, tint] flesh. It often penetrates human Hash, and La then 
always a source of serious danger. Every movement, however slight-, 
causes the embedded seed to penetrate deeper, and frequently aserious 
surgical opera! ion only can remove it. But it was not for this purpose 
only that its penetrative qualities were evolved. It is a common 
tliitig in good rain years to come across a mass of these seeds drifted 
together by the wind. It is then that one has an opportunity of see¬ 
ing a wonder of plant life, quite startling in the apparent intelligence 
disclosed. The seeds as they lie are huddled and orderless like cas¬ 
ually thrown spillikins. If one sprinkle a little water on tile mass a 
tremor u* of awakening life is almost immedia tel y .seen to passthrough 
them. Movements in all directions follow; spasmodic jerks, twistings, 
ami turnings, so aninird-likc as almost to leave one in doubt whether 
they veritably are seeds and not insects. And tliis doubt intensifies 
na the process continues and the purpose becomes more apparent. 
One sees that by these movements the seeds are disentangling them¬ 
selves; and when this is effected, each otic becomes engaged in inde¬ 
pendent movements. At first it all seems erratic and casual, arid it Is 
only after careful watching that it dawns upon one that nil these 
movements arc quite ordered and have u definite purpose. The first 
spring-like twisting* lift the seed head dear off the ground and free it 
from obstructing follows. A bend of the tail, on which it then rests, 
turns the torpedo head point earthwards. It is gradually lowered 
until the needle point with its harpoon bristles, is thrust into the damp 
soil with a steady and continuous pressure from the t oil. This move¬ 
ment is continued until the entire seed is embedded, the whole opera¬ 
tion occupying 15 minutes. But its chief protection against drought 
and the accompanying ineffective and, in fact, fatal night showers hes 
herein, that if the soil be only slightly damped the seed penetrates 
beyond the line of moisture and remains thus without germinating, 
ready planted, waiting for enough rain to insure the safety of the 
future seedling. This penetration is proportionate to the length of 
tail, and it will be found at the end of a season of severe drought t hat 
the species with the longest tailed seeds have started more seedlings 
than the relatively short-tailed. The hard shells of these seeds aLsq 
require a definite and large amount of moisture to soften. 

Of all these advantages the seeds of the sweeter and softer grasses 
are deprived. The clumps die and the seeds germinate with the first 
slight shower only to die next day in the scorching sun. And thus it 
happens that yearly the famous sweet veld of Waterborg is diminish¬ 
ing and getting more and more mixed and its value os a cattle district 
proportionately’ deteriorating. And not only are the sweet grasses 
thus handicapped by changed environment, but man enters into the 
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fight against the losing species nod hj the annual void-firing assists, 
and even completes, the work of natural selection. 

And not the pygmies of the veld only have thus been, struck down* 
Tile giants, secure in their strength and age p have not escaped. The 
liig trees axe leafless and sapless like a northern w oodland in tUo midst 
of winter- On the higher N bulte rp 50 per cent of the springs and 
boekenhout am quite dead, food for the next veld fire, Among these 
dead trees there were many at least three centuries old—calculated 
from the annul at bn of timber sawn from them. 

Even the most efficient waters toners could not survive this terrific 
stretch of drought and heal + In the middle veld the little naevoee 
aloe, common on our southern hills, grows plentifully on the flat, 
chiefly m the shade of thick bushes. Where this shade w as in any 
way deficient they commenced dropping their leaves from the crowns 
downward, and before the middle* of the season they were quite dead. 
Stape]ks r those weird daughters of the desert.., arc here very plentiful 
Under norma] conditions they seem to shun every semblance of 
moisture by growing un barren shelves of rock, coUWiiig a scanty 
soil by moans of their own mots; even stupefies hang shrunken and 
flaccid cm their roekfti and quite half the plants examined seemed quite 
dead. 


It wus a matter for surprise to find quo of the best drought rosisL- 
ers in a larger hypoxh. Not only did it start* a fair growth of fronds* 
hut in dtaiiy places a few sickly flower* oven appeared. This plant 
has a medium sized bulb, not nearly so large, compared with its 
growth above ground, os hundreds of others that perished, Thu bulb 
is enveloped in several layers of dry, perfectly waterproof husks, ami 
is filled with a sticky orange-colored liquid. What made it of special 
interest was the fact that it was eagerly sought after and eaten by all 
kinds of animals in preference to any other plant procurable. Even 
the well-fed animuh in cult team were very keen after it + 

On the animal world the effects were just as far-reaching and 
quite as noticeable. Those animals to whom escape ws* possible fled 
early from the stricken area—ma n anno ng the first. The cut ire mid die 
veld is without Human inhabitant. Whites and blacks trekked north 
and south along the river ways with their stock na the waters receded, 
and a grout many rattle have boon sent on to Lho liigli country* For 
all practical purposes the north k a desert, and in many respects a 
worse desert than the* Kalahari- In the middle of the day it is a seerse 
of utter death and desolation. Not a bird sings, not an insect moves. 
Over everything soems to Ik the silence of absolute lifelessncss a 
mkneo diaraeterixed by the true deport tinnitus. Elsewhere it is said 
that the wind biowete where it listeth* lier^whon there do** come 
a breath of sir—it haa a strong predilection for one direction onlv: 
straight from the Kalahari, hot and scorching as th 0 brealh of an 
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oven. It seems indeed as if the desert bis readied out an am and 
taken, to itself for all time this great extent of once fertile country. 
For four and a half long hours each (lay in the coolest available spot 
the temperature never sank below the century* 

This terrible heat and the absence of all moisture in the atmos¬ 
phere has some singular effects on the human body and its immediate 
envifonment. The hair became so clectiifbd that to stroke it lightly 
with the hand evoked a crackling shower of sparks. The finger-nails 
became su brittle l hat they worn constantly breaking into Lb a quick* 
and both (he hair and nails seemed to have hast all power of growth. 
All celluloid auljstiuuv> were speedily broken up into thin biminao* 
and new rubber became In a few daya a useless spongy mass. The 
horses 1 Utils swishing their hides crackled incessantly and stood out 
in disheveled bushes, each hair apparently wired. When travelling 
at night their flanks wore surrounded by mbmturo auroras of electric 
discharges, Tu stroke tho canvas with one's finger generated a dis¬ 
charge that could be fell in the hand. The big game had nearly all 
disappeared. The large herds of blue wildc bees to that frequented. the 
rivers earlier in the year trekked down the Limpopo to the larger 
poub and across Into Rhodesia* 

The change of habit forced upon animats by this change in their 
environment was very interesting, and in many balances remarkable. 
The Erst thing we noticed was that out bean, famished and unafraid* 
were walking about b broad day. This unfortunate edentate, among 
the most highly specialised of mammals as far as its food-supply is 
concerned* seemed to be m desperate straits, I had here an oppor¬ 
tunity of observing for the first time a baby ord-vark out hunting 
wirh its mother at midday. The reason that compelled this most 
nocturnal and shyest of animate. to abandon so fbtod a habit woa imme¬ 
diately apparent. The termitofl, on which they feed exclusively* live 
only b bar*l soil. In the sand dunes there are none. This termite- 
infested sbl w as as hard as a rock* and though tho erd-varfe is the 
most perfect of mining machines* tho £iaws of darkness wore not 
yullicient for it to roach tho nests* Honco was it driven to work in 
daylight too. Everywhere in tho areas of rad soil wo found its 
abandoned attempts at shafthinking. (>n another occasion wo found 
its cousin edentate, tho armadillo, out in the morning. It was a 
female and carried a baby of a few weeks eld on its hack* the tails 
firmly interlocked. 

For tho samo compelling^ reason hungor— most noctural boasts of 
prey hunted during the day as well as by night* Two leopards raided 
a small Kaffir stad in the vicinity of our camp and carried off a pig 
during the early afternoon. Tho unfortunate baboons apparently 
liovur slept at all. W eird and ungoitdy skelelona thov wore, fourliss 
through s larval ion. In normal times no animal is mure frightened 
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of the dark than the baboon. Not hiug will induce thorn to Wvo 
their sloopiug'pliird before lhe dawn Is well advaiurod, and they are 
always carpful to lx- safe on the krans before the approach of night. 
And here id) night long we heard their liuman-liko lament aliens as 
they scare hud tho river hanks for food, devouring everything and 
anything that was remotely on lit led to the name. 

Where tho crocodiles had disappeared to was at first all insoluble 
enigma. Tho few stagnant pools in the Limpopo, of course, swarmed 
with them, but this could tint possibly account for tho numbers that 
in miny seasons rendered ovary pool in Magaiakwoti, I'ulala, Gattl, and 
tho Crocodile dangerous. A possible solution was afforded while 
digging a hole in the sand for water half-way down tho Magulakwen. 
In tho center it liad to he at least 0 foot deep in order to reach tho 
water level, and ilia! meant that it had to be at least 25 yards in 
circumference. Four and a half foot below the surface we camo 
upon a littlo crocodile, 3 feel long, apparently dead. It was just 
Mow the level of tho damp sand. Alt hough apparently lifeless 
the body was quite limp and fresh. Wo also found a number of 
small fish known to the bush veld boors as " mnkrioL” They are the 
northern representative of the well-known barbel of tho south. 
These, too, wore apparently quite lifeless. I placed the fish in a 
bucket of water in direct sunlight and aorattej it by pouring a stream 
from a kettle at intervals from a considerable height. In If) minutes 
they began to »bow signs of life, arid in u quarter of an hour they 
word swimming about in the bucket apparently none the worse for 
their long sleep. The crocodile wo revived within half an hour by 
phu-ing it in a hole scooped in tho sand under tho shade of a Iron 
and occasionally pouring a bucket of water over it. The moment it 
woke to lifa some strange instinct seemed to compel it to burrow down 
into the sand again. 

Judging from tho spoor ami from actual observation, it. seemed 
that most of the animals still subsisting in this deadly waste had 
learned to dig for water m tho river-bod. The most efficient digger 
were tho baboons and the wartliogs, and my companion—an old 
holder and clover vnldmati—pointed out an interesting fact to mo: 
that every sounder of pigs was follows) by a regular retinue of other 
animals all day long, apparently for tho purpeso of using their 
water-holes when thirst drove thn wnrthogs to the river-bod to dig. 

One quite unexplainable thing observed during the height of 
tho drought in certain parts of tho Springbok Flam was that, tho 
ordinary whin, ants (wiugloss) came out of their holes in the middle 
of the day m vast numbers, and they would lie in tho sun In a closely 
packed ball ail day long. Tho ground nuxt to such u ball was so 
hot that one could not stand contact with it wit h the Ixirc band for 
above two or throe seconds, I was amrioua to ascertain the tempera- 
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lure next to them in (bn dironl sun and placed a registering ther¬ 
mometer cbae against the bull. Unfortunately the scale want to 
60 s C, 0'iO 0 F.) only, and the mercury rose to tho top of the tube in 
u few minutes, This terrific huh bath did not seem to injure their 
otiolatnd bodies at all, In the coul of tho evening they trekked 
back to their underground nests. 

Tho only animals wiuch suffered no poreopiibio inconvenience al¬ 
though they also wore driven to a change of habits, worn Cents pictus — 
the terrible hunting dog. In the middlovold during ordinary times 
they drive during the day only, mostly in the early morning. But 
now on account of the terriblo heal they him led at night, and wo wore 
often rudely awaken mi by tho noise ef their drives. On one occasion 
a troop drove a full-grown riot buck owe right through mjr camp 
while we wore ait ting in the %ld of a big fire, and pulled her down 
in tho river-bud within 20 pacos ef our carls. On another occasion 
a troop drove one of our donkey stallions 2 miles before t hoy captured 
and devoured tho unfortunate animal. Judging from the threaten¬ 
ing and fearless attitude of these encountered during the day, 1 
huvo not the least doubt that they would attack a human Ijaing if the 
least indication of fear and retreat b^ramo apparent to them. Wo 
once had the pleasure of assisting at tho poisoning of a troop that had 
killed a full-grown male ostrich near a neighboring rump, within a 
few hundred yards of tho tents. This appeared to bo a now pray. 
Several old tt'.iterberg hunters assured mo that they had never before 
heard of wild dogs driving an ostrich, and several of thorn doubted 
the possibility of capturing a full-grown healthy mule. 

The white-handed, vociferous aeaoaglo, which every visiter to 
the East African coast will remember, if only on account of its clear 
triumphant shout high up in tho clouds above some estuary, has 
always boon a rare visitor to Wnterborg during tho early summer. 
Tlie late Dr. Gunning thought that they were driven inland by storms 
on tbo coast. This Ls a mistake. There can bo nn doubt' that the 
real reason of their tr ivels so far inland k tho drying of tho streams 
which affords them a plentiful food supply easily attained. They 
foUow lint course of a drying stream as long its there is any chance 
of Kocuring fish. We found a largo number of iheso birds on 
Mogul ukwern, more than I have ovor soon togothor anywhere. They 
were apparently caught as in a imp by tho drying of tho streams 
behind them. No longer wore they noble denizens of the clouds, 
clean feeders, stooping from tho blue to plunge into tho fresh clear 
Water—os they aro in their nulivo haunts. Hero in the middlovold 
they had become simply vultures, quarreling ovor fragments of 
carrion, loft by the wild dogs, ami picking up putrid crabs ami fish 
along the river banks. 


522 ANNUAL KEFOUT SMITHSONIAN INSTITUTION, 1014. 

Rul ii I attempt to describe +.ivon in outline what the drought 
has done to tho birds of Wnt*rho^g T 1 should need nn on tiro issue 
of iho JiMimul. However intarcatlng the subject may ba r it cannot 
b^ gono into on this occasion. 

In tho prescmce of this scene of death and desolation it b difficult 
to cultivate a. spirit of optimism. It does not seem possible that 
enough water can over again fall to damp or oven to cool this parched 
and cracked oarih and to fill these moats of burning sand. Optimism 
suggests that it Ls only tho peat tidal swing of nature exemplified: 
that we are at tho lowest point of the periphery, and that from now 
onward it must rise steadily up to hotter things But at the back 
of one's mind remains tho pessimistic conviction, apparently bo mo 
out by every fact oteenred, that the oscillations of the pendulum are 
gradually lessening round the dead point. 


HOIKEOTIC REGENERATION 1 OP THE ANTEMKJE IX A 
PHASMTD OR WALKIXOSTKK . 1 


By H. O. Si'uwiT r i^ninurk. 


I With 2 plaUMj 

REVIEW OF PREVIOUS RECORDS OF HOMCE03IS IN IrtflEUTS. 

The term ,l Hbmeeosb fr (the sssumpUun by one of a eeries of 
parts of the characters proper to another member of the series) F wad 
first used in biology in 1804 by \\\ Bateson H ) t = who in his studies 
of variation applied it to several cases of meristic, or segmental, 
variation, in which one member of n nierbtie series assumes the form 
or peculiarities characteristic of other members in the same series* * 

In a special chapter of Ids work, Bateson summarizes all the coses 
of liam^osis in Arthropod a of which he could find records. The 
four insect records given in this work are here referred to at some 
length for chronological reasons. 

(A) In 1870 CL Kraata(2) described midi figured a specimen of 
Cimbtt axfflaris where peripheral ports of left antenna were devel¬ 
oped into a tarsal joint with two well-developed normal claws, sepa¬ 
rated by a well-developed plant ula. The antenna was otherwise 
normal, os fur ns where the dub-shaped terminal joint should nor¬ 
mally have boon, nit hough m a whole it was slightly smaller and 
thinner than the normal right antenna. Bateson, who had examined 
this specimen, hud no tiling to add to the description by Krauts 
fR) In 18S0 Krit k chbaumer(3) secured a male specimen of Bonibv* 
variaMlin Sohmkm, in Munich, which had the left antenna partially * 
developed as a Lars os. The first tw r o joint* of tins antenna wore 
normal, the rest Wore abnormal. From the apex of the second 
abnormal joint arose a short eticcL reddish brown, shiny joint bearing 
two quite normal claws similar to those on the tarsL 

Bateson further record* the following two cases, but remarks that 
the first must be regarded as doubtful until a more detailed descrip¬ 
tion is made, and that the second may not be a cage of homeeosis 
at ulL 

i THialutaJ by ptrz\ baiam from Un " IlgttunHtoi RffnuratkH iE Ant ran* a Loi bo I'hamJdfl, 

Otruiujiu (UmpjMtu) naoTYmix 11 V UlHutatattE* WwJiIiIbJ ur In Lina tminr^bUriik l~ue«ii otk I Kjeb*n- 
eppA£ia*itf*n d iyu. 

* Ni^auuriral fiftraoM ut u> y &1 cnJ o-f Uu t^ef, 
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(C) In LS-iO ftaoge(4) received from out* of his pupils a male Prioim* 
corianus F&br., with an abnormal thorax. The mcsothnr&x was 
unrhjtinized and instead of the elytra carried a pair of fully developed 
legs, pointing upward and backward and inserted in the exact place 
where the elytra normally are attached. The metathorax curried 
normal wings (alee). The abdomen was no more chitinlzed than is 
usual on the upper side under the wings. When the insect attempted 
to fly, it moved the upwardly pointed legs simultaneously with the 
wings. It was otherwise normal except that it lacked the scuteUum, 
and that the pro thorax carried only two spines. 

(D) In 1SS7 N\ M, Richardson (5) reared a nude Zygsthfi jilipendulae 
which hud live wings hut only five legs. The specimen was collected 
us pupa together with about 700 others in the neighborhood of Cam¬ 
bridge. The posterior left leg was apparently entirely absent and its 
place was occupied by a fifth wing which was much smaller than Lho 
normal hindwiugs, slightly folded, and differing in color, but in no 
wise misshapen. The wing was supposed to have been immovable 
in the live insect. Batcson(l) and Sharp both examined this specie 
men but could not reach a definite conclusion as In the exact point 
of the attachment of the extra wing, because they wore not permitted 
to injure the insect by removing the wing or the thick hair covering 
around its bate. Sharp was inclined to believe that the wing w:is 
attached along the length of the posterior coxa and described the 
specimen, on this hasin, as an abnormality, winch carried a reduced 
wing instead of a normal leg on its posterior coxa; but he nated that 
a careful examination might give quite a different result. Bateson 
reproduced two drawings by Richardson which show Lhc specimen 
from Lhc underside and the enlarged wing. 

Besides these four cases of homowsis in insects, Bateson described 
a series of cases in Crustacea, but it would carry' me too far to discuss 
these intcreating casee or the numerous others since recorded. I 
shall make an exception, however, of the experimental work by 
Herbst, which I will here briefly mention. 

IIerbst(6), who sought to ascertain thorite which utility plays in 
the regeneration, asked himself the following questions: Do the cvea 
of these Crustacea regenerate* and if so, would they also do so in 
darkness where these organs would serve no purpose and where t heir 
regeneration would consequently be superfluous! His results 
reached through experimentation, were briefly as follows: 

If on* of the stalked eyes of a Palfcmon, Palinurus, Bicvoma and 
others is removed, it regenerates as an eye. If, on the other hand 
the stalk is removed together with the eye, an atitenna-like ormui 
wdl in some cases be regenerated. This very peculiar difference in 
the regeneration proved to be duo to the fact that the gaiurlmii 
opticum in these Crustacea is located in the eye stalk and l.SSfwos 
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removed together with that. In such species m have the ganglion 
opticum located nearer the brain and where it consequently is not 
injured by the removal of the eye stalk, such antenna4ike regenerations 
were never obtained, but an eye was always formed to take the place 
of the one which was removed. By comparing these regenerations 
with the normal appendages, Herbal concluded that they could only 
be regarded as antenna-like formations, which in structure nearest 
resembled the first pair of antenna (the ankmnulie). 

Herbal did not consider these peculiar regenerations to be a result 
of atavism, and founded fchk opinion for one thing on the result of 
the following interesting experiment: 

If the ball-shaped apex of a stalked eye in certain species of Palre- 
nion and Palinnrus b removed, and the ganglion opticuru is then 
pulled out through the wound by the aid of a pair of forceps, an 
antenna-liko regenerat ion on the eye stalk results, 

Herbst believe* ft thereby proved that the same cells in the stalk 
may regenerate into a new eye or into a very different structure, an 
an term ilia, according to whether or not it is influenced by the gnng- 
hon opticum. 

In 1910 II, Pmbnun(7) brought together a large number of 
recorded instances of homcoosis and added a few new cases. It will 
suffice here to mention that he described and in part- figured & series 
of cases in Lepkbptera (Zyga?na P Cucullia, Adda) and a single case 
in the coleopterous genus Prion us. He further tabulated all the 
cases, both in Crustacea and in insects, in a comprehensive schematic 
form. 

The cases? which are of special interest in the present work are later 
referred to in detail in this article. 

It is of great interest to note the regularity, which Pmbram pointed 
out-, in the largo number of apparently quite unconnected facts which 
arc classed under the name homceosis. He endeavors thereby to 
give a better understanding of these phenomena and to find a basis 
for experimental work, without which it would be hardly possible to 
prove the hypotheses advanced about the formation of homamtic 
forma. 

In l SAG Wheeler (S) divided these phenomena into (a) substitu¬ 
tional and (A) adventitious homcroeis. Frzibram adopted this divi¬ 
sion and added m third, (c) the transpositional (translation) ho oncosts. 

These three kinds of hommosb are characterized aa follows: 

(a) SubHtituiionjdlTomcRosb.- (\lTiecler: 41 substitutional hnmcco- 
ab* Jt Pmbram: *'Ersatz H. r " substitution, Ilomceosia s?. sir.) This 
form consists in the supplanting of one appendage C*GJiedmiiss JT ) 
by another which normally belongs to a different body segment. 
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(6) Adventitious Homcensis.—(Wheeler; ia redundant or adventi¬ 
tious homceosk." Fmbrani* Zusiitfr-H*, Adventiive ll< f XIoten*- 
topie-.} This form consists in the addition of a formation, which 
normally belongs on another segment, at a point which is already 
supplied with a normal appendage* 

(c) Transpositional llomccosL^.—(Pr^ibram: Versat sc IT./' Trans¬ 
lation, Ileterophorie,) This consists in the transposition of append-* 
ages which arc absent in their normal positions to points on another 
segment. 

Regeneration is given as the cans* of substitutional homceods; 
this cause scams definitely proved in many of the cases and is pre¬ 
sumable' tnio for the other cases also. 

As the cause ol adventitious and transpositional hommoab* inher¬ 
ited variations and embryonic abnormalities* both seem to play u 
part> 

Substitution id homreosk alone has it bearing on the following and 
I shall therefore only consider this form and slmll briefly men lion a 
few of the rules, which Fr/jbram has proved for this kind uf hemeeo- 
sis: Less specialized appendages always supplant the more special¬ 
ized if these are removed. As the jointed appendages in the Arthro¬ 
pods become less speck Iked the farther buck they are found on the 
body, this means that the hnmtBoticdly changed appeiidaj^eH resem¬ 
ble the normal appendages on the siceceding joint* This rule does 
nut hold for the Mings, where the opposite is true; a bind wing will 
thus always bo supplanted by a forgiving; the opposite has never 
been observed. 

Because regeneration has been proved to be the cause of substi¬ 
tutional hommosis in Crust acea and must be supposed to bo the. cause 
also in insecte, this kind of homomsk may be regarded as an extreme 
regenerative Hypotypy, 

In the lost part of hk paper Frzibrnin calls attention to the ehar- 
aeteristk, striking tendency to homceosk in certain genera of Crus¬ 
tacea and insect Of eight coses within the Lepiduptm, six were 
found in the genus Zvgrcna. AH recorded cases in the Coleoptcru 
(2+1) were in the genus Priontis, and out of six cases in Crustacea 
live Mere in the genus Cancer, This, is clearly mom than occidental* 

It is still mure rcmorkahlu that this tendency can he traced within 
the different kinds of humccoaisj thus only five eases are known 
where a hindwing bos been replaced by a fore wing; and four of 
these cases were m the genus Zygsnm, while the fifth Mas in the 
closely mki led genua Adel a* TransjHj@it ion al ho mccu^k is on I v known 
in the gciitis Priomis and similar proportions arc found in the 
Crustacea. 

Pntihram intends to continue his studies on hvmmoma experimiiii- 
t ally and solid is In bis paper material of Prion us, pointing oll | that as a 
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matter of ciiurse these species should he chosen for these experi¬ 
ments in which the tendency to homoeoets U found in nature. 

In the “Zuologischer Jahi^bencht/- from 1891 to 1911, I have 
found the following records of hommosis, which seem to have been 
overlooked by Frzibnim in his work (7). 

Bateson (0) described el specimen of Axrfius aquatkus which had 
the left aniemmla supplanted by a mandible. 

Shd ford (10) found ft cockroach (probablyallied to Patusthia sinifata 
Suus), which hy dissection proved to have (lie right maxilla sup¬ 
planted hy a hard chi Uni zed structure which superficially looked like 
u mandible. The left maxilla and both mandibles were normal. 
By closer examination it was found that the abnormal right " max¬ 
illa p| was made up of four immovable joints. Shelford, without 
drawing any definite conclusions about the nature of the abnor¬ 
mality, mentions that another species of Panesthin has been found 
to posses segmented mandibles m the embryonic stage. 

Osbura(ll) describes a male Syrpfim onmofos Fallen (Inter identi¬ 
fied us L. perph-zus Osburn), in which the large compound eye was 
absent on the left side; a third antenna was found on this side of 
the head behind the normal antenna and entirely separated from ihL% 
inserted m a separate fossa, The extra antenna Was nearly norma [ 
hut was somewhat undersized and lacked the dorsal seta* the arista, 
Osborn mentions the experiments of Herbst with the Crustacea and 
supposes that the eye of the Syrphus had been injured during the 
metamorphosis and luid been supplanted by the antenna. 

Przibrnm (Experimental-Zroologie* % Regeneration) later mentions 
the follow ing ca^ p observed by Toroier,. as a probable case of homos- 
osis; Tornier(12) cut off the right antenna on a number of Inr™ nf 
Tmubrio moEtor, which seemed nearly ready for pupation; five of 
these larva* pupated seven days lifter the amputation ami the pup® 
fihowod n beginning regeneration of the an term®. Four of these 
pup® developed into imagoes with normal, regenerated antenn®, 
but the fifth imago showed the following peculiar regeneration: 
on ihe tip of the remaining busaj part of the antenna, which showed 
the wound of the amputation on its fourth joint, developed a claw¬ 
like formation, which was immovably fixed on the antenna without 
any joint, 

KHfencekj" has in a short paper(l3) criticized one of the cases of 
trauspositionai homaeosb recorded by Prribram, but this criticism 
bus no bearing on the present paper. 

Before I giro my own observations I wish to bring together from 
Przibram p s tabulation (7) such records of bomectms as are of special 
interest in connection with the present paper, namely, those in 
which tarauslike formations have Wri found on the antenna. 
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The cases of t-aratis-bearing antenna! in Ohubiz axillaris uiid Ban t- 
bwsvuriuhUii), Schnikn,, recorded, by Ivraatz(2) mid Krhmhbatmierf:)), 
have already been referred to at length in the foregoing. 

Kk-.nicn-'ie wieiif 14) briefly mentions a male Specimen of :i Zygoma 
species, which had tarsal claws on the Lip of both anlcnuoa; on the right 
antenna were found two claws, on the left only one was apparent. 

DoumercUS) has described an abnormal antenna in a specimen 
of Bi/ntlus atfn>rum Latreitic. As this may hr a miso of a slightly 
developed tarsal joint on the untenna, it has been included in Pm- 
hriim's tabulations, but with a question mark. 

The above-mentioned cases of hummusis, which arc all classed by 
Przibrani as substitutionid, agree in baring the tarsal formation 
occur on a stalk of antenna 1 joints. In this they agree also with the 
spontaneous c i.se in t’annisius, which is described below. 

In this connection must also be mentioned a male TfnthrtJapsis 
naawia, rnr., described and figured by Jacobs(16) w hich, besides the 
normal antenna on the right side of the head, carried u peculiar 
joined appendage which is insert ed beside the second antennal joint 
on the basal antennal joint. Jacobs docs not express unV opinion on 
the nature of this appendage. Przibrmn places the case in hia tabu¬ 
lations in the following noncommittal manner- Under the headings 
'‘Moipbologiseher Wert dcs nbnunnen Gebildea” and "Ersatz-, 
Zusatit-, odor Vereutz-Hommosia,’" this case is placed relatively ns 
"Fuss?" and “ZusaixT 

Reference must finally be made to the Tcmebrio recorded by Tomior 
and mentioned in the foregoing. 


OH 111 INAL OESEItV.VTIONS. 

After lids review of the literature on homteosk in insects, I shall 
now discuss my own observations on the humceolSo regeneration of Lhe 
antenna' in a Phaanud, ChmuriM {Itixippus) mororu*. Those 
obnervat ions may lie of some interest because, so far as 1 know, it is 
the first tunc ilint the development of a typical houiceosis in iasecte 
has been referable to regeuetatkin. 

Tim first cause of my studies was a spontaneous case of substitu¬ 
tional horntrosb, found in a roared lot of this Phasmid, which Is 
commonly utilized by students of insect biology. Tim interesting 
species, whoso homo is India, propagates itself a I most entirely par- 
thenogem-tic ally, at least in captivity. 

Oil this spontaneous case of homoitisis 1 shall record thn following 
notes: ^ 

Or tutor 10, 1611, ft niuntor of half-grown larv® of Lara ltd us wore 
selected i t some regtsnoration experiments. The lot, which con¬ 
sisted <>f About 30 female larvae, had been somewhat neglected with 
regard to fresh food (rose leaves) and was therefore badlv injured 
through cannibalism. This always occurs when a largo dumber of 
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these insects ore reared together, for t ha specintfins, which have Jus trust 
their skiii r become the victim* of cannibalism, even if the food supply 
is kept fresh. Such was the ease with thy presonl lot. A number of 
the apecimiBoa wore mutilated, being deprived more or less of their 
logs and antenna*, and it was difficult to find a perfect .specimen. 
One specimen especially attracted my notice. Its right antenna had 
been bitten of! nearly to the base, and on Iho end of tho remaining 
stump was a small lump, which, to the unaided eye, appeared na a 
bull of antennal joints, which hud grown together. As it would be 
of interest to observe how tills formation would cumo through the 
meltings* this specimen was selected among others for a series of 
regeneration experiments, and its loft, front leg was amputated at tho 
trochanter. At tills date tho larva was about 5 cantimetm long; it 
was fed on fresh leaves (if English ivy. 

On October 2-1, 1911, it molted- Tho cast skin was unfortunately 
devoured overnight. The amputated leg was not regenerated^ but 
tho abnormal right uutennu had undergone a very interesting change; 
tho “ball” on the end of tho antennal stump had developed into ft 
distinct tarsus-like joint with large em|KHlium and with two weak 
bat distinct claws- This peculiar formation was bluish green, which 
is the color of tho blood of the insert, in contrast Lo the body and kgs, 
which are light green. 

Figure 1 (pb 1) ? m reproduced from a mieropho tngraph, and sho ws the 
head of tlds specimen, enlarged 7 to S times. Tills photograph, as 
well os those for figures 2 and 0, was taken after iho specimen had 
been strongly anesthetized with ether (anwthfflia by chloroform 
often producaa autotoray uf tire legs, if the specimen is touched even 
slightly). 

Tho considerably difference in the two antenna? is very apparent 
from figure 1. On the abnormal antenna is found, nearest the head, 
the large basal joint, which has the shape of a cucumber seed, and 
which carries a short thin stem, consisting of four undoubted antennal 
joints. This stem carries on oblique* nearly oval joint* thickened ftt 
tho apex and pointed toward the normal antenna. Tho claw- 
bearing joint is attached laterally to this irregular joint* which hos 
several small bud-fomnd elevations. Tho claw-bearing joint is 
nearly spindle-shaped ami carries apicullv a well developed empo* 
dium and a pair of weakly developed claws, which lie close to tho 
dorsal surface of the empodium, one on each side of it. The normal 
relations, in ska and position* of tins eiupodiuin and tho claws on the 
tarsus may be seen in figure 5. 

Comparison between the abnormal and the normal antenna shows 
tho different proportions of the ports* Tho righL basal joint is some¬ 
what shorter than the feft; the joints which form the stem in tho 
raire '—him tot*-—-54 
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sbnonntl lUit^nnti nn? considerabbr thinner than the corresponding 
joints in the normal antenna; lh® basal attarlunont of the right sco- 
onxl antennal joint is much narrower than in the left, normal, antenna. 

The next molt occurred on November 18, 1911* This time I 
succeeded in saving the cast skin, which lias been preserved in alcohol. 
At this molt the insect became imago. This stage is reached after 
six molts. On December 3 began the part liaoogeuctic egg laving. 

In tliis stage, the antennal tarsal joint assumed a somewhat dif¬ 
ferent shape, a* may bo soon in figure 2. Tbo ciopuditmi had become 
reduced to & small round knob, while the daws Hail grown in size and 
worn curved downward with strongly clutmined brown points. On 
the underside of the irregular joint, which carries the daw-tike joint, 
are found four am podium-like protuberance*, placed 2 and 2, and 
separated by deep furrows. Comparison of tills ease with similar 
on ft* in the other material proves that these protuberance* correspond 
exactly to tho paired plant ula found on ihe underside of the first, 
second, third, and fourth tarsal joints- This irregular joint with its 
two pain? of plantnhe is possibly produced by the growing together of 
two undeveloped tarsal joints. 

The length of tho abnormal antenna in this full-grown stage is 
about 6 millimeters. The antenna of a normal imago is about 36 
millimeters. 


Several details Ln this spontaneous case of hunt mo* is indicated 
that it was a regeneration of tho right antenna. For example, the 
thinness of tho abnormal antenna in comparison with the stout 
normal antenna* -a difference in sine which h often found after 
regeneration. The connection between the basal joint and the small 
second joint indicated tliai tho regeneration probably had its origin 
from the basal joint. Here also should be considered tho conditions 
under which the larva had lived among a lot of more or less mutilated 
run trades with definite ennuibalLstir inclinations. 

I therefore concluded that the right antenna had at some time bean 
bitten ol! just at tho end of the basal joint, or rather a little within the 
end of this joint, and that it had thereafter regenerated into tho vorv 
pwubar shape almve described. J 


lienee tt was natural to hcgin the regeneration experiment with 
amputations mlthe region of tho first and second joint and especially 
“ ^ «Htt» between these joints. I was unfortunately prevented 

wTSZf t° l T “S? ******* desirei1 to th ^ experiments, nj 
was forced to make the amputations by hand with fine scissors 

wi thout the md of a dissecting microscope. By this primitive method 

I could not. always make the amputation just where It was intended— 

for example, exactly between two joints; often either & little too much 

pr doe not q mto enough was removed. This condition was «££ 
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unfnrtunato and somewhat le^nns the v&tuo of tho experiments, but 
m they uovortheiess brought some new requite, I shall hero nuito 
record of them. 

Tho experiments began in November, 1DII P and lasted until 
March, IB 12, As mate rial I used 50 specimens of newly batched 
1arva> of tho Coniu&ius and about 60 halfgrown larvae, all issued from 
unfertilized eggs. Tim amputations were made by the unaided eye 
with ii pair of Jiao scissors] the newly hatched krvEWtire anesthetized 
by ether, as it was difficult otherwise to handle these small, delicate 
bisects. In most c ases the amputation was made as exactly as possible 
in the suture between the basal joint and the second joint, in others 
both these joints were preserved. In one lot of the specimens the 
right antenna was removed, in another lot the left, and in a third lot 
both antennfe were removed. Fresh ivy leaves were used as food and 
those were daily sprinkled with water. Most of tho specimens of 
this hardy insect thrived well under this treatment, though it must bn 
admitted that the mortality was considerably above the normal aU 
ca-ses of cannibalism excepted. It was particularly the individuals 
with both antenme removed which had difficulty in surviving. 

The results of these amputations could be surveyed after a few 
months* In some cases the insects died, in others no regeneration 
took place p or at most a small bud appeared on the place of amputa¬ 
tion, bul a third lot shewed regeneration with lhe formation of not 
only ii single daw joint, but also a series of connected tnrsui joints, 
and in a few of the specimens an additional tibia-like joint* 

Figure 3 illustrates such a regeneration in an imago. It will be 
seen that them is n large daw joint and three other tarsal joints. 
Comparison with figure 4, which illustrates a newly regenerated tar¬ 
sus, formed lifter the amputation of a leg, proved that it is truly" a 
tarsal formation. 

Figures 6 and 7 illustrate the most perfect regenerations in which, 
in addition to the tarsus, a tibia-like part has been formed, These 
are described below more in detail. 

A striking difference between the regenerations I produced in this 
experiment and the spontaneous case, described above, is that tho 
former are not placed on a stalk of antennal joints, but are emitted 
directly from the basal joint, or from tha second joint. The regenera¬ 
tions developed more and more with each succeeding molt, especially 
in tlte young larvae* which had most changes of skin. Tho simi¬ 
larity between the tars US-like antennal joints and the true tarsus 
became gradually greater as the forma tin ns grew larger. 

The steps in the development of these regenerations are about as 
follows' The first molt after tho amputation rarely produces any real 
now growth; the wound is grown together and may show a short 
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bud-shaped outgrowth. After the second molt regenerations are pro¬ 
duced consisting of a short stem of undifferentiated tarsal joints no cl 
a slightly developed but unmistakable daw Joint with its character¬ 
istic parts. At this lime, the regenerations have not yet reached the 
differentiation shown in figure 3. At the following molts, the tarsus 
is fun.her developed; the joints become differentiated and each do 
velops its pair of plantula> The difference in the size of the joints 
becomes apparent, with the first tarsal joint considerably longer (com¬ 
pare fig. 7} than the following, quite mill the normal tarsus. A large 
tibin-like joint, was further developed in four specimens between the 
point of amputation on the second ante mini joint and the tarsal joints. 

My materia] of those more or leas developed liomceotic regenera¬ 
tions includes *20 cases, in all those the nature of the regeneration 
b determined by the presence of a claw-bearing joint or, where this 
is absent, by thy presence of joints supplied with plan tula P I have 
not attempted to diagnose as either antennal or tarsal joints n large 
number of eases where the regeneration consisted of a short stem 
of undifferentiated joints, and these casew are consequently not in- 
dueled In the tabula don of the material. 


lu order to get a comprehensive surrey of the material, it b nece*- 
aa.ry first to note its several imperfections. Specimens of different 
ages and on wliirh different amputations had been made (within the 
first and second antennal joints) have been reared together after the 
amputations. 1 he method of ampuLation was, as mentioned. Imper¬ 
fect and it is therefore in many cases impossible to determine with 
certainty the exact place of amputation, and thus draw coueitiSHHts 
with respect to the inlluence of the place of amputation on the nature 
of the regeneration. At present it is impossible to determine the age 
of each specimen at the time of amputation, a factor which is of thy 
greatest importance in the development of the regenerations, os these 
arc dependent upon the molts like the rest of the organism. 

However* the place of amputation can ho determined approxi¬ 
mately in most cases. As all of the Amputations in these experiments 
were made on or between the first and second antennal joints, 1 
have relied in these determinations upon the relative size of the 
regenerated part ami the joint from which it has grown. Duo to 
“Wf diameter, the second joint covers the? entire apex of the 
* i wll ile more sI ™der regenerations are geueraUv at- 

at lei wit a much smaller base to the broad basal joint. A com¬ 
parison wuh a remaining normal antenna is naturally a considerable 
help m these determinations (pi l; fig* j, 2 ), 

± 1 ^. U «f the material, I have given special attention 

" ti ' ^ lnn pia«Op*trmture r and b^oo f the regenerated append oots 
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Group A. —In this group the ampul Aliens were made in the sun mi 
hfltwwn the first and second antennal joints, or possibly encroach¬ 
ing somewhat, on the first joint. 

All the regenerations in this group, which includes 14 out of 20 
cases, arc small, only 0.6 to 2 millimeters in length. The number of 
joints Tories from emo to four. The regenerated part is often badly 
crippled, curved, crooked, or spiral. Most frequently one dispropor- 
tionally largo claw joint is fount! together with two or three small, 
plan tula-bearing tarsal joints. A claw joint may often be found in 
this group without the presence of plantain on the other joints and 
vice versa. 

Nearly nil the cases in tills group are in imagines, hence the possi¬ 
bility is not entirely excluded, that the defective regeneration is due 
to the fact that the amputation was made in a later stage mid that 
therefore fewer molts have intervened. Considering the dwarfed, pro¬ 
portions of most of these formations I regard it however, as improb¬ 
able that further developments could have taken place through inter¬ 
mediate forms to the very perfect regenerations found in group B. 

Group B ,—In this group the amputations were mode In the suture 
between the second and the third antennal joint or possibly encroach¬ 
ing somewhat on the second joint. 

While all the cases within the first group are <>f nearly similar 
structure and degree of development, this second group, which con¬ 
tains s minority consisting nf six cases, must be divided into two 
subgroups, according to their different composition. 

In the first of these subgroups, which includes four cases, fall the 
largest and highest developed regeno rat ions within the material under 
observation. These consist each of four well-developed tarsal joints 
and one large unjoin ted tibia-like segment, inserted between tho 
place of amputation and tho first tarsal joint. The most striking 
of these cases is shown at different stages in figures fi anil 7. A 
description of this interesting regeneration will explain the structure 
of these specimens better thnn figures. 

With the second antennal joint, which presumably has been partly 
amputated, as a base, is found a tibia-like joint, 2 centimeters long, 
which is constricted at its base and gradually becomes thicker out¬ 
wardly. It possesses longitudinal ridges, covered with very small, 
still, dark brown hairs, exactly as found in the normal tibia. This 
character together with the position of tho joint, next to tho tarsal 
joints, presumably justifies the characterkation ,r tibiudiko.” It 
should be mentioned that the antennal joints have only scattered hairs, 

Connected by a joint with this short tibia-like structure js the long, 
slender first tarsal joint, which is followed by two short tarsal joints; 
these three joints possess on their plantal surfaces each a well devel¬ 
oped pair of plantuia. On the fourth well-developed tarsal joint is 
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found & Urge empodiuiD and two strong curve* 1 clawa* The entire 
regenerated part is about 8 millimeters long, of which the tarsal 
purl measures 3.7 mm. The normal tarsus in an Imago measures 
with its five joints about 6 tnm- 

Of the oth^r specimens within thin subgroup, two were nearly full 
grown and one was half grown. 

The other subgroup contains only two regenerations, both found in 
full-grown specimen*. They differ from the other examples within 
this group mainly by the absence of Use tibia-like segment. They 
consist only of four well-dove loped tarsal joints, which in size aro 
equal to the corresponding joints in the coses described above. 

It is possible that these regene rat ioilh under favorable conditions 
might develop further and acquire the tibia-like segment, which alone 
differentiates them from the other cases In this group. 

It should be mentioned in ibis connection that the antennal tarsi, 
like I he regenerated tarsi on the legs, at most consist of four joints 
while the normal tarsus Ls liye^jointcd. 

Group C—Tlihi group U not represented among the material pn> 
duccd in these experiments, buL contains only the spontaneous regeii- 
t nation* described in the foregoing, This case is sharply differentiated 
from the types just described by t he possession of a stem of antenna^ 
bke joints. Nowhere else in my material have 1 found any case m 
a Inch I have been able to detect tho presence of a stem uf antennal 
joints bearing the tarsal joints* 


Another division of the material into two groups may be made— 
for example, on I ho different composition of the regenerated append¬ 
ages; the hrst group containing such specimens which consist only 
of tarsal joints and the other including such which po^cvw a tibia-like 
joint in addition. 

Such a division will not coincide with the first division mad a on the 
different places of amputation, on account of the grouping within the 
group B* above defined. This may bo merely a result of the manner 
in which the amputations were made and of insufficient material* 
It has already been noted that further experimentation may prove 
that the two subdivisions within group B may represent the same 
type in different stage of development. 

With regard to a possible relation between the structure of the 
regeneration and tho place of amputation, I shall confine myself to 
giving the general impression 1 received during my studies .Vmprna- 
tbtLsacn^thfib^I joint or between this and tbesmmd jointproduce 
dwarfed, slightly developed homoMlie regenerations, while umDutii- 
tions across the second joint or between the second and the third 
joints cause s «rong well-developed hommotic regenerations. It k 
po*nblo that quite diifemnt results may be reached bv more careful 
experimental studies of larger material, which shall obviate all such 
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disturbing factors 03 occurred in my material (the different ages of tlie 
larva*, the primitive met bod of amputation, etc.). 

Since the termination of these experiments with regeneration, I have 
made numerous different amputations, by She aid of very fine seizors 
and n dkaectmg microscope, on Wv« of Carnusius, which had been 
MLL^tbctized with ether. Among the several places which X selected 
for amputation in these series of experiments may be mentioned the 
place where tbe antenna is inserted on the head, the middle of the 
bfLsnl joints, the end of the second and tin' third joint and others. 
These amputations can be easily made with congider&blft precision - 
I was unfortunately forced to abandon these series of experiments, 
as well ns other preliminary, similar experiments with two other 
PhasmidSp BariUuv Ro&sii Fabr* and Dtapherofttieru fimorn(a S&y, be¬ 
fore the regeneration had taken place. 

More thorough experimental work on this problem on a large scale 
is badly needed^ but interesting aid to the understanding of these 
phenomena would surely result from historical study also. In this 
connection mtisL be mentioned the gratifying accord between the 
experiment and the anatomical study in a similar field by C. Herb%t p 
which has been referred to in the foregoing. 

Leaving herewith my experimental results to be further worked out 
hy oLhers. I ahull in conclusion briefly mention such references in the 
literature on the Phasmidie, as are of interest in this connection. 
There are not many p as apparently little work has been done with 
anteima-rcgcne ration in this group of injects, in which the study of 
regeneration at one time caused particular interest. 

It. d£ Sin6ty(17) amputated the antenna in Leptynia attenuata 
with the result, that regenerations were produced with 2 to 4 joints. 
In one where one antenna was completely removed, a small four- 
jointed antenna was regenerated, in which the basal joint was only 
half as long as in a normal antenna. 

K. GodehnaiinilS) amputated ilia an ten me in BandHujt Rw#ii Fabr. 
Of the results he only mentions that the regenerations had a alow 
growth and never reached oven approximately normal size. 

Otto Mcissner(lt>) who has done considerable work with the biotogr 
of Dixippm morvm^t Bn, briefly mentions that regenerated anternue 
often aro shorter than the normal, but that they may contain never¬ 
theless the normal number of joints. 

It is apparent that none of these authors has observed horn cootie 
regeneration. 1 

* I »Mi Eo my Ktracra ttata to Hr, RwurU Mu. flc£«j| r H. 1L S(4imn r ttvm whEjm 1 Jujr* 

raeeEv'dd vai tidbit tmjp Jm Ihb work and *hu f tor umnpk, jJih£ tha llbnuy <H thm hfr lttkg frV - 
fHI&fyatagk*] tntaratory in th* Cvpmhztm UnJvtnJiy bL my cttrpaul. 
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LATENT LIFE: ITS NATURE AND ITS RELATIONS TO 
CERTAIN THEORIES OF CONTEMPORARY BIOLOGY. 1 


By Faux. Btcac r: ilt i. , Sc, D. 


T GENERAL OBSERVATIONS. 

Although tlio study of latent life bolds im unimportant place in 
most of the standard works on biology, yet ir is none the less one of 
the most widespread phenomena of the Jiving kingdom. We meet 
it. everywhere tiiat germs exist. And since germs are continually 
emitted in considerable quantity, rven more by plants than by ani¬ 
mals, there is not a piece of ground on which we trend nor (ho smallest 
quantity of air that wo breathe which is free from them. 

Not only van the spores of fungi, bacteria, algm. mosses, und of 
ferns, the myriads of grains of pollen from flowers, the seeds of 
phanerogams, the cysLs of infusoria, the eggs of certain crustaceans 
and insects, pass into a state of latent life, but likewise annual tissues, 
and even some perfectly developed forms of life called reviviscents, 
as certain species of algie, mosses, lichens, rotifers, nrctisru, and 
nematodes. 

Ill that condition of repose, these germs or beings may escape the 
linrah necessities of active life, better resist dryness, cold, or heal, are 
more easily carried away by the currents,, winds, or ether causes, 
finally to await for several years the return of conditions favorable 
to their development. 

H. THEORIES AS TO THE NATURE OF LATENT LIFE, 

But what is the true nature of latent life f Is it apparent death in 
which all the vita] function-, are suspended; is it a relaxed aerobic 
life demanding gaseous exchanges with the atmosphere, or is it a 
Vi ry sluggish, intercellular anaerobic life ? These arc questions which 
since the beginning of the eighteenth century have engrossed the 
attention of eminent naturalists, have incited numerous experiments, 
and which at this moment provoke interesting controversies. 

w * owe to Leeuwenhoek (1701), the founder of micrography, the 
first observations on revivisceni animals, the arctisca or water bears, 
and rotifers of the roofs and gutters. That author observed with 

rTOfl^lBlt 1 tj p!tJ*iils Jw a'lca™ puiM c( uppli.ifa'*,, f n|, s\ ff s . u, K*ra, 
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grt’&t usionishiMiit that Llicso little* brings may rvnndn dried sip for 
five months amid rno^ and dust without Solving the slightest trace 
of Jih' and thin, when moistened, resume their vital functions. 

fn 1743 Xtredham made analogous observations upon the nematodes 
fruib musty wheat. But the most interesting experiments upon 
these organisms hare been chiefly those of Baker ami Spallanzani. 

Baker, working with nematodes {aiiguillula), succeeded In bringing 
them to life 28 years after their desiccation. Since we know that 
the life cycle of these minute being* docs not exceed 10 month*, it is 
thus proved that their life has been strikingly prolonged by this 
procedure. 


On the cither hand, Spallanzani verified the observations mode* by 
Leeuwenhoek on the rotifers. After having dried and preserved them 
for three years, he found that they returned In life when placed in 
water- All these experiments amazed the public of that period It 
w at ihni lime believed that those beings hud the power of resus¬ 
citation. extraordinary properties of these animalculic having 
t>een doubted in the nine lee nth century, Doy&re and Davaine, from 
u> 1 studied the subject very critically* Their experiment#, 
confirmed by Guv arret < but bitterly cont est ed by PoucJiet and Panne- 
tier, were the subject of very spirited discussions. In fact, at that 
time two rival theories, vitalbm and organieism, were sharing the 
approbation of physiologist*. Some, and they were in the majority, 
cotHidered life as a mysterious principle of action which animates 
mat ter ami sets it in motion. The others saw in life only the result 
o l ie organization of a special complex substance, merely the muni- 
fees tut ion of the activity of organized matter. 

In ftnfarto show the soundness of their conception of the qmotion, 
lose o ng tin* latter view called attention to the phenomena pmv 
^n m J J t e revivified animals, notably in the experiments of 
Ifoyere and Davaine, in which they believed that they hod seen n 
^V\ * trtr ™ arrest of the fund ion* of ail organism and 

0 t ( . ]r "^ ir1l[l S again under the art ion of a physical phenom- iMin p 
namely, the imbibition of water. 


Organized nmtter therefore coded only a vital principle to resume 
activity. In the Social* tic BioJogie the strife, between the two fiu*- 
ion.. so earnest that to put an imd to discussion it wan decided 
r ^perimenta More a committee of scientists which 

uiduded Bdbmm, lWn-S^uurd, Dares te, Guillmin. and Robin, 
and was presided over by Broca. 

Before this committee it was tlu-n established: First, that there is 
no appreciable life m the inert body of rcvjviscent animal.; second, 
tlmt tbt« Mlies preserve their revivifying property in conditions 
incompatible with every kind of functioning life, as tot example, for 


LATENT I4£E—BECQLVEKEL. 


539 


S2 days in a dry vacuum, and in frecjiir for 3n minutes at u temper¬ 
ature of 100° C. 

Some time later, Paul Bert in his researches upon the inherent 
vitality of tissues, corroborated this point of view by some interesting 
experiments. Ho showed that ruts’ tails dried for eight days, then 
kept for two hours in a temperature of ft!!* 1 l\. and grafted four days 
afterwards, resumed their vitality ut the end of 11 mouth. About 
two years later, Claude Bernard, in his a dm! ruble lessons on the 
phenomena of life Common To plants and animals, resumed the study 
of revivbcence and applied it to the vegetable kingdom. 

In order to chanu teriie the state of repose in which the seeds 
exist before germinating, he coined the term “latent life" and )io 
gave us the following theory: 

Till- latent life of ewda u potential. Ji exists ready to maniftsl iisei! ir euitable 
exktrior tomlilions aro supplied, but tiers is not theIstMt mimllraUtion iftfawraa- 
di linns are laekiag. 

It would be WTfiuiT to think that the seed, in ihi« cut, a life an nt tunimtod 

that [to manifeatutiaiei escape abaGtvatkn bcrau^el the very rfigrm* of thk attenuation. 
Tb»t Li true neitber in theory nor in fai t- In theory, to- faton that life tiayUs ftem 
lie ceotiiiun of two fucurra— ilm one external, derived from a eo«iaie World; the other 
internal., daivrd fniia the or^pmLnn. 

It is a r-ooidinnii™ iai|*«dhle to =“‘|kutiU‘, and wo nhould umlenitand Hint in the 
absence of ono of thaw toctora the being ™nld not live. It no mom liva when the 
factura exirt under unaathifartary eoaditkaw than when they exist tluno. Heat, 
humidity, and air do not, eoastitute life; no more <fo«o the nigonim. In. fivt, we sis' 
Bonm needs preserved for yearn and for prolonged perioda which alter eueh long inaction, 
can {Terminate nnd produce a new plant, If they had a elnggiah life, that ought 1,3 
ttbpi it. Bui it b not eiluuiid. 

From the moment that- it wub proposed, this conception of latent 
life has hml many supporters who have strengthened it by the estub- 
lishment nf new facts. Thus the resistance of seeds, of spores of 
bacteria and mushrooms to the action of a vacuum, of irtospirubln 
gases such as nitrogen, carbon dioxide, carbon monoxide, and 
chlorine, the conservation uf the genuinative power in liquids such its 
mercury, alcohol, ether, and chloroform, as shown through numerous 
experiments by Giglioli, Detmer, Romane, do Candolle, Kochs. 
Joilin, Ewart, Kwrzvelly, .Maquenno, to cite ouly the principal 
authors, demonstrate in an apparently indisputable manner the 
reality of suspended life, 

lit spile of these facts, however, other physiologists have neverthe¬ 
less continued to defend & theory directly opposed lo it; that of the 
continuity of the vital phenomena, a doctrine accoidhie to which 
latent life Lt but a life relaxed. 

Among ihe most eminent supporters of tins view we may cite Tan 
iK'glicm and Gaston Bonnier, whoso researches ou the latent life of 
seeds have become classic. These scientists having allowed separate 
lots of sew Is to remain two years in confined air and in carbon dioxide, 
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perceived in the firat medium tJiiit then 3 h nd been an absorption of 
oxygen ami a throwing off of carbon dioxide, and in the second 
medium asphyxialion, From this they concluded that respiration 
takes place in latent life and when it is not possible, the oigamsm 
perishes; consequently, life in the embryo can be only relaxed. These 
conclusions allayed certain doubts m to the early experiments of 
Doyire and Da value. This is why Lattee iu 1SQG took up the study, 
confining bin researches to arctisca. 

Contrary to the claims of the committee presided over by Broca, he 
himself affirmed that the coming to life of these brings is not n resur¬ 
rection: 

The arctiini of ihe roofs udapUil to d«dcC*iioii lam ihrir po-w^r io rvvivM when 
&fw-r (lerieciioon they have been plunged into a pis, uDsuited to support Life", pucb :ie 
wbook and pulphiiriii, Wha they find ra^inftkn they die; Uaoir 

la o?nt lilt* in Lhou & reined life . 

Wn have therefore to deal with two contradictory hypotheses, 
apparently based upon facts equally conclusive: 

Is the relaxed life a more exact conception of the nature of latent 
fife limn the suspended life I 

Must the one completely exclude the other or is each one partly 
true? These are questions which I have tried to elucidate and to 
which we shall now turn our attention. 


III. THE IMPEKMEAUILITY OF THE TEGUMENT OF CERTAIN SEEDS. 

When in 10[)4 1 undertook these researches, limiting myself entirely 
to the latent life of seeds, 1 I asked myself if I he prevailing contra- 
dictory opinions were not dun to errors In interpretation of certain 
experimental results For instance, were the embryos of the seeds 
roally in contact with the media tried—confined dr, irrc&pirable 
atmosphere, nitrogen, carlion dioxide, meroury p alcohol, chloroform, 
and ether? If their tegument had been impermeable,, might it not 
have protected them against the various media that it wm intended 
to subject them to I That was an important point, to which the 
greater part of my predecessors paid too little attention. 

It was therefore very necessary to find a means for determining I he 
pemeabifily of the teguments of the seeds which were most, used in 
the above-mentioned experiments, I employed a very simple 
apparatus: A barometric tube closed at one end by u portion of the 
tegument to ho experimented upon, then idled with mercury with all 
the usual precaution, and inverted in a dish of mercury, Tim varia¬ 
tions of the level of the mercury of this pseudo-barometer which 
terminated in a vegetable membrane, compared with the variations 
in the level of the mercury of another tube of the same Id mb pro- 

I m liw m*C]| 111* *r ^ a mull af N*ttinU Bvten*i a ^ 
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pared in the same manner, but closed nt one of its extremities, 
indicated under what conditions and at what rats the gas passed 
through the teguments* 

In this way I was able to determine that the tegument of most of 
the seeds of I.cguminoste, such os that of the lupine and boitovlocust, 
when it leached a certain degree of natural desiccation, 1 proved itself 
lu be for two years impermeable to air m all its parts, oven in those 
containing the lulum and the miorepyle. The t^jumeutB of these 
seeds do not jH'nnit gusts to puss through them under the laws of 
diffusion except when they are moistened with water. 

On the ether hand, desiccated embryos of these same seeds act like 
porous bodies. Gases pass through them according to the laws of 
effusion. The tegument of the same species ie equally impermeable 
to liquids, such os absolute alcohol, other, and chloroform, which 
readily penetrate the embryos after decortication. 

These results apply not only to the seeds of many species of the 
family Leguimnos®, hut likewise to those of certain Crucifcne, 
Malvace®, Labiate, Lienee®, and Ctstacere. They justify the 
reservations that I had made concerning the greater part of the 
experiments of my predecessors, for, in showing that the embryos 
protected by their impermeable teguments were net submitted to the 
action of the media employed, they nullify in part the deductions 
that, had been drawn from them to explain the nature of latent life. 

i was thus led to repeat on seeds with the permeable tegument 
either perforated or removed, the experiments of so mo of my prede- 
cessare. J thereupon ascertained that, contrary to their assertions, 
absolute alcohol, chloroform, and ether, instead of preserving the 
embryos of seeds, kill them when no longer protected by their tegu¬ 
ments. On the other hand, the fact of the impermeability of t hei r 
tegument rendered very improbable the interpretation that bad been 
placed upon the gaseous exchanges of certain $eeds. 

With <ecds of lupine, peas, castor beans, and beans, taking into 
account the rdle of their tegument, E repeated the experiments of 
Vail Tieghetn and Gaston Bonnier. Several comparable Iota were 
prepared, some containing only decorticated seeds, others consisting 
only of the teguments of these seeds, and fin all v some seeds protected 
by : heir teguments. All these lot* were placed in the confined and 
dry atmosphere of tubes inverted upon mercury, some placed in full 
light, others in darkness, 

riix months Inter, having made analyses of these confined atmos¬ 
pheres, I found that the gaseous exchanges had been greater in the 
light, and that the isolated teguments of the seeds had absorbed 
more oxyge n and given off more carbon diox ide than the embryos. 

1 D * S,W 01 1 , jMfrtiillT in «7w,n,r*iU«i 
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Certain Tegumcnte taken from castor beans had given niT in darkness 
1*61 per cent of carbon dioxide and had reduced the quantity of 
oxygen to 15 per cent while the separated embryos from which they 
had been taken, placed with their endosperm in t he same conditions, 
had not changed their atmosphere at alh If the gaseous exchanges 
of these seeds protected by their teguments had been interpreted as 
true respiration, one would have arrived at the paradoxical concilia 
hion that the tegument* composed of dead cells respired f while the 
embryos with their endosperm reader to germinate, having neither 
absorbed nor thrown off the least particle of gas, were dead. 

Tile results obtained wiLh several kinds of decorticated seeds, such 
n- those of peius. beans. and lupine, in (heir natural state of desic¬ 
cation, that is, still containing a certain quant ity of water, convinced 
me that after a certain time in darkness they absorb traces of oxygen 
and throw off traces of carbon dioxide* There must therefore be in 
the embryos of those Heeds which were not protected by their tegu¬ 
ments and wens in their natural state of desiccation extremely slight 
gaseous exchanges* 

IV. TEE NATURE OF THE GASEOUS EXCHANGES IN SEEDS, 

But are these gaseous exchanges that are indicated in the case of 
the decorticated seeds in their state of natural desiccation really 
caused by a true respiration, the result of a kind of relaxed life for 
which the oxygen of the air is absolutely necessaryt To find this 
out, 1 rendered the respiration of the embryo impossible by depriving 
it by means of a vacuum of it* internal atmosphere confined in the 
intemdlukr spaces and in the cells themselves which inrercomtii uni- 
cate so readily through the pnurtures of their walk. The embryo 
was then placed for a greater or less time in contact with irregrpirabla 
media. Treated Ulna, peas with their teguments perforated, and 
deprived of their internal atmosphere, remained a year under the 
mercury and grew perfectly after the experiment*. Seeds of beams, 
peas, caster beans, and wheat after decortication were kept in dark- 
nr** in lmi atmosphere of nitrogen without giving oil any trace of V0 2 
and wit hum losing their power of germination* 

Other seeds of lupine, lucern, peas, clover, mustard, pumpkin, buck¬ 
wheat, and june. and grains of wheat and oat*, after perforation of 
tlie it tegument were kept for eleven months in pure and dry carbon 
dioxide w ithout suffering any injury. Finally, desiccated seeds of gar¬ 
den ere^hioem, and peas, and grains uf wheat with the tegument 
perforated, were inclosed for two years in vials in which a nearly com¬ 
plete vacuum had been obtained, without injury to their germinative 
power. 

These art 1 now results, all agreeing, which are opposed to those 
cla^io experiment* on which dependence is still placed to show the 
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Existence of a respiration in scads. These results afford a proof that 
the gaseous exchanges demonstrated by Van Tieghem and Bonnier 
are not due to an attenuated respiration, but to a simple chemical 
oxidation of the surface of the tegument or of the embryo. 

The generally accepted conception of the latent life of seeds must 
be modified. It is an extremely sluggish, intracellular, anaerobic, or 
else a suspended life. How is one to choose between these two 
hypotheses 1 

V. LONGEVITY OF SEEDS. 


If the life of seeds in nature were entirely suspended, if all the pro¬ 
toplasmic functions of ass i mi lot’ on and of disass initiation were com¬ 
pletely arrested, as elaimed by Claude Bernard, their genuinative 
pmver should bo unlimited. This is what many naturalist® believed 
wiien they were told of the extraordinary' case of the longevitv of 
grains of wheat inclosed for more than 2,000 years in tile tombs of 
the Pharaohs, which, once sowed, would hare germinated. But it is 
now known that the good faith of these scientists was imposed upon 
Mixtures of authentic and recent grain were sold to them. This 
fraud, by which such botanists as Alphonse tie Pandolle and Decalsne 
were nut deceived, was unmasked by M. Masp^ro. This eminent 
tgyptologLst never succeeded in germinating the grains of wheat which 
ho himsolf collected in the tomha of the Pharaohs. Furthermore, the 
Btudy of these grains marie hv Ed. Gain allowed that their embryos 
were partially destroyed; when they were moistened, they were trans¬ 
formed into an amorphous pulp. 

On the other hand, no confidence can be placed in the story of seeds 
from Homan sepulchers or the gran cries of Cfesar, Argau, or Ifeicu- 
laneum, or from .Merovingian tombs or excavations. Too many flaws 
in the evidence, ignored by the investigaiore, destroy every' b^is for 
thou- claims. Only experiments made with specimens of which the 
lime of harvesting the seeds and the date of their arrival in the 
laboratory are known can give us acceptable evidence. 

Already, in 1S31, Alphonse de Caudollp had carried on researches 
W'itJi zm kinds of seeds preserved for 14 yearn in sacks. Many species 
of I'Cguniinostt? And ilalvaepie had conserved their germinative fare 
Ulty. 1 resumed the work of that learned naturalist, extending it to 
■jUO kinds of seeds belonging to 30 of the more important families of 
monocotyledons and dicotyledons. The seeds came from the seed 
collection of the Museum d Ilistoire Xatiirelle of Paris The time of 
their collect ion, carefully verified, varied between 25 and 135 years 
our families furnished germinations: the Lcgummasse, the bUirm- 
honacefe, the Malvaceae, and the Labiat®, 

1 wenty of those germinations came from seeds 28 to S7 years old. 
Among tiie I^gumioosa? the oldest species were Ciwsio liwptwlaris 
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of 1S10, Cijtism bifiotus of 1S21, Lmc&na kiitacvphala of 1831, and 
Tri/olium anense of IS3S. The seeds which germinated at such an 
age were covered with a very thick tegument, whose impermeability 
to gases was checked experimentally in the case of the Leguminasra 
and the Nelimxtanaoeim Li this way it w as proved that seme seeds 
conserved their gcraiinative power from the epoch of the Restoration 
to our time without their embryo having gaseous exchanges with 
the atmosphere. The tegument of these seeds preventing through 
the years the oxidation of the substances m reserve and their hydra¬ 
tion under the action of the humidity of the atmosphere, did much 
to assure them this remarkable longevity. 

Nevertheless, this longevity is not unlimited. The genninative 
power always dbitiiLiW with time- Macrobiotic seeds, to use the 
picturesque expression of Ewart, who has written an excellent mon¬ 
ograph on them, 1 do not keep Lheir gemuruktivo power much beyond 
it hundred years. 

The claim of Claude Bernard that the latent life of seeds, under 
natural conditions of their preservation, is not exhausted, rests ou 
inexact data, and the undeniable fact of the aging of commercial 
seeds seeing to refute it. When, however, you carefully examine the 
significance of tliia fact, it is not a positive proof against the theory 
of suspended life. The loss of the germinative faculty of the seed 
may very well ho caused by physico~chemical phenomena which may 
not apply to those of an extremely sluggish life. 

Why should not the protoplasm of the cells, w hen life b suspended, 
become decomposed in, the course of time under the influence of the 
humidity and the oxygen accumulated in the intercellular spaces ? 
What would prevent its comporting itself like inert substances which 
gradually lose their original properties, their potential energy * With 
rime liquor* are modified, a spring tends to wear out, powder ages, 
and yet. in these so I is Lances there is no retarded life I 

VL THE DEHYDRATION OF GERAIS- 

However that may be, since it is impossible to prove that a seed 
preserved under ordinary conditions b in a state of suspended life 
rather than in one of relaxed life, the problem might perhaps be 
divert by placing the seed under artificial conditions such that, with¬ 
out affecting its gorminarivo power, its life may be temporarily 
arrested. 

All the writers who arc engaged with this subtile problem are of 
the opinion that the water and the gases inclosed in protoplasm are 
the cause of its decomposition. A seed in a state of natural dedeefr- 
tinn always contain* a quantity of water ranging from 0,5 to 20 per 
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cent of iti weight, But ii it possible, without injuring iisgerminativo 
fnculty to deprive it completely of this water? Rowing upon experi¬ 
ments by numerous investigators, particularly upon those of Schriktor 
and Ewart, it was believed until recent yearn to be impossible to 
withdraw all the water from the protoplasm of seeds without killing 
them* In fact, Ewart had ascertained that as a general rule the 
most resistant seeds lost their vitality when their percentage of water 
fell below from 2 to 3 per cent of their weight. This had led him to 
believe that the protoplasm of seeds in its state of natural desiccation 
must have a chemical composition very different from that of pro¬ 
toplasm fluid in a condition of active life. According to this new 
theory the chemical composition of the protoplasm in latent life 
would correspond with the chemical equation proposed by Locw for 
certain albumins. In that instance there was obtained by poly, 
mcrizatkm of aspartic aldehyde with the addition of hydrogen and 
sulphur, a protcid which finally gave an alhumirmid, whose formula, 
CjyHyjArSjjSOjj + 2H,0 contains 2 per cent of water. 

This conception of protoplasm from winch you can not draw out 
its 2 per cent of water without decomposition, appears to me too 
simplistic or one sided, as much from the standpoint of physics as 
from that of chemistry. Besides, this formula does not include the 
greater part of the chemical elements, metals, and meteloitk which 
arc absolutely necessary for the constitution of the nuclei of celts and 
the formation of a protoplasm capable of life. Consequently it does 
not correspond to the reality of experimental facts, for though certain 
hinds of calk dc not endure a prolonged desiccation, the result is not 
the same with many ether cells, 

Ewart was unable to ascertain this because he employed a very 
defective method of dislocation— that of the sulphuric-ndd des¬ 
iccator, tt process which hns the great objection of often filtering the 
protoplasm entirely in desiccating it. Moreover, ns llaquenne, the 
learned physiologist of the Museum d'Hisloire NatureUe, hus demon¬ 
strated. for completely drying the seeds there is only one effective 
method and that is the employment of a vacuum tor severe] months 
at 11 temperature of 40° to 4,>° in the presence of anhydrous BaOFI 1 * 

This process is more efficient than that of the oven at ilQ 6 C. which 
is employed in the method of dry weights. Moreover, [if, as t have 
advocated, the precaution is taken of decorticating the seeds or of 
perforating the impermeable tegument, desiccation cun be obtained 
more rapidly and more actively, so that there is no releasing of 
vapor in the vacuum nor loss of weight; and, besides, the getminativc 
power of tlic seeds thus treated is not destroyed. Muquenne has 
proved this in the cose of greins of wheat., seeds nf parsnip, and castor 
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bean, mid myself for seeds of pumpkin, peaa, and buckwheat, whkh 
lost 10 to 14 per cent of their weight of water. 

Now r me seeds artificially dried more readily altered, or do they 
conserve longer than others their power of germination ? 

According to my investigations, the seed* of pumpkin, castor bean* 
mid beans, thoroughly dried, preserved in darkness in a dry atmos¬ 
phere of air or nitrogen ore not oxidized, I have been unable to 
detect by analysis the slightest indication of absorption of oxygon or 
release of carbon dioxide, * 1 Likewise, according to Maquenne, dried 
parsnip seeds preserved for two years in a vacuum had suffered no 
loss of their germinative power, while seeds preserved in the open 
air us checks had boon dead a long time. 

These parsnip seed*, losing their power of germination at the end 
of six months, had therefore* as a consequence of their dehydration 
and their protection from oxidation, quadrupled the duration of 
their latent life. Upon the basis of these results, Muquenne romdudes 
that cellular respiration is arrested in a vacuum, and that under the 
influence of desiccation the seed passt^s from a state of relaxed life 
to a state of suspended life in which vegetative functions cease to be 
performed. Thb conclusion, which b supported by all my above- 
men I in nod researches, appears to agree well with the facts. But 
many physiologists, partisans of the theory of the continuity of vital 
phenomena, are unwilling to accept it. 

They oppose the following objections: 1 

In thii» matter of gtewxifi rtrhoog^H, esp«rml3y if they am hiiracrjllular, haw am 
yim prove whether i h&y nre nliglu or negative? What lead* you to behove that 
yvur mi lhod-n ol uulyaU are aiuiactory evidence? There where your judpmcnU 
hesu tales,. your theory affirm.^ ft tamkiiim* a priori that the juncra* of lu^Lmlbtiou 
mother irofl^r?, mr stop*, no* begin* a^um, but foliowa a ^mtinuoUP mafrrh. 

Obviously it is vary difficult to prove a complete armt of the phe¬ 
nomena of life in the organism in n state of latent life. Ilowaver, It 
must be acknowledged that the vacuum and the dehydration, carried 
to the extreme limit, should signally retard the exchanges of matter 
and energy in the protoplasm. If to these two conditions* already 
very influential, them bo added a third, that ef low temperatures, will 
not the suspension of life be really accomplished experimentally ? 

VII- THE INFLUENCE OP LOW TEMPERATURES. 


The influence of low temperatures on seeds and on sports of 
bocUirin ho* been studied for 30 yoara by a number of Invealigiitors, 
chid among whom arc liaou] Pictet, UiLsimlr do Candolle, Brown and 
F^oijibo, Dyer, and MarFndyon. These sciontista have proved that 
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seeds find spores in their state of natural desiccation endure, without 
perishing, tem pent turns as low as 190° to 250° below zero, I myself 
in attempting to ascertain the influence of the state of hydration, of 
decortication, and of gaseous reserves of tho seed, have obtained 
analogous results, Tito investigators above mentioned, behaving 
that physical and chemical phenomena are completely suppressed by 
low temperatures, have thought that tho latent life of seeds and 
germs plunged into liquid air or hydrogen must be a completely 
suspended life. But this opinion should be accepted with somo 
reserve. Tor tain chemical reactions muv take place at low 

temperatures. Have not Dewar and Mobs on shown that solid 
Ihiorine in contact with liquid hydrogen is combined explosively at 
25d° C. below zero 1 On the other hand, Svante Arrhenius 1 does not 
now admit the suppression of chemical reactions at that temperature. 
Ho considers that tho chemical reactions especially connected with 
the loss of the germioativo power of seeds must bo much retarded 
by cold. Upon the basis of tins experiments of Nyman and Madsen 
in winch l.he spores of anthrax are shown to develop Iwico as rapidly 
when the temperature is increased 10* tho eminent Swedish physicist 
formula Kul an ingenious hypothesis according to which tho retarda¬ 
tion of life should be twice as great if the temperature is lowered 10° C. 
According to this rule tho genninative power of spores would diminish 
no more during 3,000,000 years at 220° below zero than during a singlo 
day at 10° above zero. 

If wo accept this calculation and apply it to macrobiotic seeds which 
live a hundred yearn at a temperature of 10*, their latent He, pro¬ 
vided it could bo kept at a temperature of 220* below zero, could bo 
prolonged for two hundred billions of yoanj. This is a number which 
surpasses any wltich is conceded for tho duration of life on tho surface 
of tho earth, and even for the period of tho evolution of our solar 
system. 

If the physical and chemical phenomena of life are thus retarded, 
wo concede that wo could not detect it experiment all v. 

But since in all tho experiments with low temperatures upon which 
Arrhenius relies, it is a matter of germs in the state of natural desic¬ 
cation, containing consequently from 5 to 12 per cent of their weight 
of water, it is interesting to ask what would happen if wo were to 
experiment with dried seeds placed in the most complete vacuum 
and submitted at tho same time to tho lowest temperatures, With 
this in view, with tho valuable cooperation of tho learned physicist 
of Leyden, M. Kommerlingh Otmes, who very kindly placed at my 
disposal the resources of his excellent cryogon or refrigerating labnr- 
atory, them were submitted for three weeks to tho temperature of 
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liquid ak and then for 77 hour* to that of liquid hydrogen at 250° 
below zero, decorticated eoetfc previously dried, of lucom, mustard, 
ami whoal, and spores of Mueor, Bhizopus, and Aspergillus, and of 
various bacteria inclosed in coaled tubes in which tin: most complete 
vacuum possible had been secured* 1 

All those saecL at the end of one year* and the spores after two 
years in the vacuum, showed a high percent ago of germinal iom 

In this particuhr case in which the cell wjlb deprived ol water and 
gas, in which its dipluses ware desiccated, and the protoplasm lust 
its state ot colloid solution, at least while they wens- under tho simnh 
timeout influence of desiccation and low' temperatures, one can hardly 
say that latent life b relaxed life. 

Life without water, without air, without gaseous ex changes* 
without colloid molecules, in suspension in a liquid, uppers to mo 
paradoxical. Thu vital phenomena of assimilation and of proto- 
pksnnc dissimilation being rendered temporarily impossii*H 1 
Ix'liiivo that the real latent life such as Claudo Bernard conceived it* 
that is to say, tho suspension of lifo r under those particular cemditioug 
ha.4 been realized. 

SMT. THE PHYSIOLOGICAL CONSEQUENCES OF THE SUSPENSION OF 

LIFE, 

If that b tho case, tho law of the continuity of vital phenomena is 
dealt a severe blow* In fact, the phenomena of lif e p which since their 
appearance on earth have been transmitted without interruption 
from gene ration to generation during millions of centuries, with 
only occasional retardation m the germs, have now for the first time, 
under the influence of cxcoptiomd conditions, been interrupted in 
certain colls, w ithout injury to their power of iwusdutiom Mom- 
over, those facta demon*! rate that one can not confound an organism 
wholly inert during latent life with a dead organbm. Although on 
examination a dried seed and a dead seed appear identical, there is a 
great difference between them. The protoplasm of the dead seed 
ha* undergone mi irrevcrubki chemical modification, such that if it 
be placed in condition* favorable for its development r none of tho 
physical and chemical phenomena of assimilation and din assimilation 
can longer be produced * 

On the contrary, Lho protoplasm of the seed in latent life, under the 
combined action of tho va<desiccation and cold has received 
only a physical modification which hcLi in no way altered it* chemical 
composition. It is a rovertibis modification which k has undergone, 
since if there bo restored to it water, gases, and the proper tempera' 
turcp tt£ so Stances again take on thdr properties and all the physics 
chemical phenomena of its vital activity reappear. The experimental 
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proof of the interruption of life without destroying its power of resus- 
citation and without leaving any murk to make one suspect the exist¬ 
ence of it limit Mi its prolongation in the cose of both seeds and spores, 
b, moreover, a good argument against certain neovi tolls tie theories. 
It demonstrates the actuality of the strong persistence of vital phe¬ 
nomena and exposes the unstableness of the basis of the definition 
of life accepted and promulgated by such scientists as Grasset 
Biindgp, Re i nke, and Lodge, 1 

According to the definition of this lost author, in his little work, 
Lu vio «t In mature, life is a particular force, “a special directive 
power issuing from a world in which physics and chemistry have no 
part, a world that it is impossible for us to know through our senses. ,J 

Rut after the results of all my experiments, which confirm the 
ingenious views of Claude Bernard, it can no longer be affirmed that 
life is a principle or a mysterious directive force escaping the influence 
of natural phenomena. 

Life b nothing mere than the extremely complex physicochemical 
functioning of protoplasmic organisms produced by their incessant 
relations, their continual exchanges of elemental matter, and the differ¬ 
ent forms of energy. 

IX. T11E ItlOLOGlCAL IMPORTANCE f)F LATENT LIKE. 

This study of latent life not only brings us preebenesa as to tile 
nature of life and of death, but it touches also on the biological prob— 
lems concerning the dissemination and conservation of life. 

In fact, thb peculiar property of latent life confers on all organisms 
that possess it the power to traverse time and spate. It b to be not tv} 
that the seeds which preserve their germinative power the longest arc 
ftltuisit always heavy ones which can not be transported by the wind, 
mu! which if buried must wait during a long time conditions favora¬ 
ble to their germination and growth. Most of these seeds belong to 
the families Legmoinos®, Nelumhonncc*, Myrtaeeie, Malvaccre, and 
Cistace*. The same remark applies to the eggs of certain crusta¬ 
ceans which are deposited in the mud of ditches, marshes, and streams 
whi.'ii often run dry. Thus, Giard, in his researches on anhydrobioeb, 
informs us that the (tried eggs of Apus survived for 12 years until the 
amTiu of the wuler necessary for hutchtjig* 

Many bacteria profit by their state of latent life to await for years a 
time favorable for their multiplication. It is in thb way that dan¬ 
gerous epidemics suddenly appear. 

An Pasteur has shown, anthrax germs from a buried sheep brought 
to the surface of the earth by earthworms sooner or later make a na¬ 
ture dangerous to the flocks. In the some way tho wretched hovels 
to which people die o f tuberculosis from generation to generation, 
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notwithstanding meffcotlYe disinflations and numerous removals of 
tenants, owe their danger to tire presence of dried bacilli hi the dust 
that is inhaled during sweeping. 

This persistence of vitality of cells may also he characteristic of 
tissues of the human body and may be advantugeoitafy utilized. This 
is what the splendid researches of Dr- Carrel are demottytTstmg to-day. 
This investigator, profiting by tho experiments of Paul Bert, of which 
I have already spoken, has succeeded in preserving in a state of latent 
life certain tissues gathered n&optically from fresh coijhks, such as 
fragments of skin, cornea, blood vessels, and bony tissues. These 
tbsura protected from the air in sterilized vaseline at a temperature 
of 3° to h a C. have preserved their vitality for 40 days, mid conse¬ 
quently may be used for grafting. When some such method shall 
have been perfected it will render inestimabie service to surgery. 

Still oilier biological deductions result from the conservation of 
latent life,, particularly 'when it is under the influence of low tempera¬ 
te n?si. For instance K germs arrested in their development may at 
thin moment be subjected to the ac tions of complex causes which are 
determining their evolution. Borings made on continents covered 
with ice, such as the South Bole and the vicinity of tho North Pole, 
where the temperature oscillates between 40 15 and 00° below zero^ will 
perhaps penmL us to gather seeds or old spores which have conserved 
their gernninitiiig pow er for many thousands of years under tho act ion 
of the cold. 

Arrhenius goes still further in his deductions, lie thinks that 
latent life h sufficient to enable genus to traverse the icy void of inter¬ 
stellar space intact during an almost unlimited period. To demon¬ 
strate it, the Swedish scientist has formulated his ingenious theory of 
mtenkstral p*mspormisttL I have already had occasion elsewhere to 
explain and diseiiss this hypothesis, 1 

Unfortunately, worlds can not be sown with genus in latent life, 
propelled by light front one to tho other, because the action of the 
stellar ultra-violet rays in the center of the solar systems and even in 
the atmosphere of planets is too harmful, but also because there would 
be needed a very improbable concu rrence of extraordinary conditions. 
So it h necessary to seek other modes for the propagation of genus 
in infinity. In advance of their discovery, there results from my 
researches upon latent life, from the point of vicw t of the future of life 
on the globe, a conclusion which, notwithstanding its great proba¬ 
bility, will not fail to astonish us. This conclusion is that p .>n the day 
when the sun dial! be extinguished, when all tho gases of our atmos¬ 
phere shall have dbappeared, as took place on the moon, w hen active 
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life ahalJ be destroyed, latent life will still b« able to exist fur n long 
time on the surface of tho Oiirth, 

Indeed, at that moment, there w ill be found realized by nature the 
vacuum, dryness, mid low- temperature* the iliruo conditions neees- 
siiry for the conservation of germs which we have obtained simulta¬ 
neously in our experiments. Upon that day, on this frozen, unin¬ 
habitable planet, wandering in the darkness of cosmic space, what 
will become of the stored seeds, and eggs, and spores ? If the planet 
should bo captured by a new solar system, will there bo produced, 
under the action of new radiations, an atmosphere and a wakening 
of latent life, tho beginning of a new evolution of beings? If this 
contingency U not fulfilled, and the planet is demolished by a shock 
or an explosion,, will its debris, charged with germs, os Lord Kelvin 
believes, sow" other worlds? 

For my part, I do not believe so, because at the present time the 
study of meteorites does, not justify tills conjecture. And it is a 
pity, because latent life, which is a true Providence for the terrestrial 
conservation of beings, would have been the best means that nature 
could bava employed to confer on certain animal and vegetable 
specie ft sort of celestial immortuJitj. 
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[With 12 plates.] 

Standing on the ** New Bridge r ' in Constantinople, near the 
Mosque of the Sultun Vali d A I have more than once Tried to count 
the languages and dialects spoken by the crowds pressing and pushing 
between Galata and StambouL Turkish and Greek are naturally 
the most frequently spoken, but one also easily distinguishi^ much 
Armenian, Arabic, Kurdish, and Persian. Wo bear the harsh voices 
of some Circassian soldiers, and learn from an Abkhasian friend (hat 
he does not understand their language and that £i it might be pi 
Eesghmn* He also tells m that many of his Circassian friends 
serving in tine sanrn regiment, are obliged to speak Turkish when they 
want to understand hue another. 

Wo then meet Albanians, Bulgarians. Roumanians, and are 
addressed in Serbo-Croatian by an old priest from Bosnia. Yon are 
Buro to hear in less than five minutes five other modern European 
languages, English, French r German^ Italian, and Russian, and then 
your ear h delighted by the melodious Spanish of some Spaniole Jaws 
from uSalonikJij who still retain the idiom spoken in Spain when they 
were expelled from there more than 400 years ago. and have thus 
actually preservcd the language spoken by Cervantes And we hear 
other Jews on their pilgrimage from Russia and Poland to Jerusalem, 
speaking their curious Yiddish, n sort of German that no German could 
understand without making it a special study* Once cm this bridge* 
I had to play the interpreter between a Hungarian Gypsy and some 
Aptals or other Gypsum from Anatolia, and an instant later I saw a 
Mnka eunuch fitting on the motor car of an imperial princess and 
making his aelam to a group of equally dark and equally tall Bar! or 
Stu link. 

Bilm and Nuer abo are very commonly spoken by Stamboul 
eunuchs, and I was once told by one of my colored friends there that 
more than 1,000 female servants are living in metropolitan pakces, 
all coming from Eornu and speaking Kanuri Another day, on the 
Bame bridge , I met some East Indians, speaki ng, m they’told mo, 
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Hindi, Hindnatalii, and Gujdrafcl, and trying in yum to cornu to an 
understanding with a largo troop of African hajjis returning from 
Mecca, some of whom wore H&ysa, othere from Zanzibar and the 
Swahili const, others from Wadai and Baghirrai, One may also meet 
on this bridge Mohammedans from China and from Indonesia, and, 
to complete this Babylonian confusion of languages, some day or other 
even a Papuan from Doreh or some other place in Dutch Now 
Guinea may appear there on his hajj to Mecca. 

Not less numerous than the languages are the types ooo moots in 
Constantinople or in any other of the larger towns hi western Asia, 
and even within a linguistic group there is generally a nu^t striking 
diversity of somatic qualities. There are Turks with fair and Turks 
with dark skin; Greeks with short anil Greeks with long heads; 
Arabs with broad and low noses; and other Arabs with narrow and 
high noses; Kurds with blue and Kurils with black eyes; and the more 
ono studies the ethnography of the Ottoman Empire the more one 
sees that "Turks” in reality means nothing also than Mohammedan 
subjects of the Padishah, that ‘'Greeks” means people belonging to 
the Orthodox church, and that " Arabs ” are people speaking Arabic— 
the somatic difference between a Bedouin from Arabia or Mesopo¬ 
tamia and an "Arab” farmer from near Bey rout is striking, and they 
have nothing in common except their language. 

Also tho study of the modern religions in western Asia is of no help 
to us in this labyrinth of types. There are Greeks who look like 
Mohammedans, and many Aitsarjych or other (" Moslem 1,1 ) sectaries 
are not to be distinguished from Armenians. Religion, too, is here 
much more closely connected with late historical events than with 
races or nations, and is only too often of a merely' accidental character. 

Even the old historians do not help us. Their anthropological 
interests were generally trifling, and important sLatemonla like the 
note that the Armenians “xoUa ^pufi^coaat or that a tribe 

from the Solymian Mountains spoke Phoenician, are extremely rare 
in the old writers, who give us names like Lycians, Carinas, 
Citicians, Fophlugomans, Cappadocians, Lydians, and so on, hut, 
generally, do not give us the slightest details os to their place in an 
anthropological system, 

So we can well understand how, 60 yearn ago, G. Rosen, then 
perhaps the best authority on the nations of Asia Minor and Syria, 
could say that the anthropology of western Asia would " always 
remain a mystery." 

Since then minute anthropometric researches and vast excavation* 
have both thrown light on most of the problems connected with t.Ki^ 

mystery, so that it may now bo considered as practically solved. 

Mv own way of proceeding was to eliminate ono by ono every 
national or racial element that could be traced as liaviug come 
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from outside. and theft to study the remainder. It. was m 3 ' good 
foriuno to begin archeological ami anthropometric field work in 
Lycia as early as ISS 1 , and since that time I bftvo never ceased to 
collect all available data connected with the natural his tor}’ of mim 
in western Asia. So it is the work of 30 years of which I shall now 
try to give a short account, anil this will bo done best by beginning 
with the ostensible foreign elements and then describing the remain¬ 
ing tribes and groups. 

A. DARK AFRICANS. 

These are naturally by far the easiest to eliminate, and Limy hove 
only in a very insignificant way contributed to the building up of the 
white communities in Asia Minor and in Syria, although they have 
been imported there from the earliest historical times down to our 
own days. Even now there are few* houses of wealthy Moham¬ 
medans without dark servants, male or female, and without half- 
caste children of the most various tints. Nowhere, perhaps, with the 
exception ojd 3 r of Brazil, could miscegenation bo better studied than 
in the large towns of the Levant. Domestic slavery is still flourishing 
there, and “black ivory 11 generally comes, as in t lie old times, from the 
Upper Nile, but also from Bornu, In the Turkish-speaking south of 
Asia Minor a dark African is generally called "Arab,” m Syria, 
''Maghrebi 1 or “Habeshi,” As far as I knew, social inferioritv is 
never connected with color; half-castes frequently intermarry with 
whites, but still thorn is no real negro permeation of tho other natives, 
probably because that section of the offspring which reverts to negro 
qualities does not stand the climate. 

B. CIRCASSIANS. 

About a million o! the Mohammedan inhabitants of the Caucasus 
immigrated into Asia Minor and Syria after tho fall of Shamyl. 
The lot of these muhajir (refugees) was generally a melancholy one; 
tho Ottoman Government did its best to give them land, but land 
without a master is rare also in Turkey, and in many* places the result 
was a fight of all against ell or a state of regular brigandage, often 
resulting in the final extinction of the Circassians, Where the land 
given to them was really most ericas, it lay in unhealthy swamps 
and marshes, where malaria raged and carried them off at a terrible 
rata year by year. I know a place near Islahiyeh where more than 
1,000 Circassian families were settled about 18 S 0 ; now only 7 of them 
remain, and these in a wretched state of fever and disease. Only 
a very few of these Circassian colonies are really thriving, and prob¬ 
ably most of these glorious sons of snowy mountains will in a few 
generations huvo paid with their lives for their fidelity to Islam. 
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Till now the Circassian blood has not seriously influeneed that of 
their Turkish neighbors and probably never will The colonists 
very seldom give their daughters to Turks or Arabs, and the “soft 
Circassian beauties" play a larger part in fiction than in actuality. 

C, ALBANIAN 

The number of Amain s or Albanians actually li ving in Asiatic 
Turkey is said to be about 100,000. Many of them servo in the 
army, some are high govonunent officials, a few urn even m iho dip¬ 
lomatic service and famous for their unusual intelligence. Most of 
the "kavasses" of the foreign consuls and rich merchants are Am&uts, 
and so are nearly all ihe boy servants in the Turkish hath establish- 
menlft. Most of the largo “bans” (caravanserai) in the interior are 
also managed by Albanians. 

It is easy to separate these Albanians from iiie great bulk of the 
other Mamie elements of the Ottoman Empire, because they arc 
all proud of their nationality and stick to their native language. 
The}’ intermarry rarely with aliens and are remarkably homogeneous 
fid to their physical qualities. They are nearly all dark, (all. with 
large, extremely brachycephalic skulk, and high and very narrow 
noses. Somehow Connected with the Dmtlric race they have by 
long inbreeding and isolation in their nearly inaccessible mountains 
acquired their remarkable and quite peculiar typo. 

IX BULGARIANS. 

The few thousand Bulgarians living in Asiatic Turkey an* mostly 
confined to Constantinople and some towns cm the north coast of 
Asm Minor. Their language and their garb permit us tmtily to 
isolate them, and they ore so few in number that wo may neglect 
their influence on the somatic qualities of their alien neighbors. 

For the same cause also wo may here omit the Roumanians and 
Serbs, 

E. BOSNIANS. 

Since IS7ft probably not one Austrian Lloyd steamer luis left. 
Trieste for Constantinople without having on board some Mohamme¬ 
dans from Bosnia and Herzegovina deshroua of escaping Chrisliiiti 
rule. They Kettle by preference near Brussa, and will probably in 
some generations haw a certain influence on the type of tho Mamie 
inhabitants of the neighborhood. It may therefore bo stated here 
that, though they are called “Turks" in Austria, they have no 
Turkish blood. They are descendants of the typicalSouth-Slavonic 
population, which inhabited Bosnia and Herzegovina long before tho 
battle of Kossovo-pedyo (I $89) and were after the fall of the Servian 
Empire forced to turn MoharuiiiiHlaas, They do not even speak 
Turkish, but have preserved thoir old Serbo-Croatian language 
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The very few Bosnians, mostly officers, that settled in Asiatic Turkey 
before the Austrian occupation of Bosnia may lie omitted here. 

F, FRANKS AND LEVANTINES. 

Frenghi (Franconians or Franks) is the common n&mo for the 
European Christians (and also for syphilis) all over the nearer Orient, 
and tho descendants of European, generally French and Italian, 
awl therefore Roman Catholic, families are called Levantines. They 
take only a minimum share in the building up of the oriental popn- 
let inns. In Marmarltza near Kalikarnassoa, where a British squadron 
liad a winter station for many years, a very great proportion of the 
children are said to be flaxen-haired, and at Kynyk, tho ancient 
Xaudios in Lj'da, I mot in 18S1 a Mohammedan, quite fair, with light 
blue eyes, of rare intelligence, awl with nearly a fanatical interest in 
geographical and archeological problems. He was bom in 1811, a 
year after the second expedition of Sir Charles Follows, at Xanthos. 
Near Smdjirb I know an Armenian woman who is very fair; her uvm 
people pretend that she is the daughter of an American. But all 
these are rare exceptions, of no general importance, and I fed sum 
that tho modem admixture of European blood is in no way responsible 
for tho groat number of light-colored people also in tho interior of 
Asia. Minor and Syria. 

That in Oriental towns with very hot summers the death rate of 
light-colored children in Frankish and Levantine families is essen¬ 
tially larger than that of dark-colored has been often asserted, and 
would naturally be of universal anthropological Interest if proved by 
serious statistics. Personally I do not know of one single light- 
colored Levantine family in plums infected with heavy malaria. 

G, JF.WS. 

As tho oriental Jews practically never mix with the other orientals, 
and so do not contribute in any way to the physical qualities of their 
oriental neighbors, they would be of no interest for this paper if wo 
could not trace them back to voiy early times. But their racial 
posit ion can only be investigated in connection with tho old and oldest 
anthropology of Syria and Palestine. So for the moment we must 
here confine ourselves to the statement that there are several very 
distinct groups of oriental Jews. 

By far the most numerous ore now the Sephardim, speaking on 
early Spanish dialect, and descended chiefly from Jews expelled from 
Spain by (he narrow-minded fanaticism of tho fifteenth century 
They hove contributed not a little to tho intellectual and economic 
development of the Ottoman Empire. 

Of far less importance are the Ashkenazim, speaking “Yiddish,” 
and descended from Jews emigrated from eastern Europe. 'flic 
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difference between these two groups was originally merely geograph¬ 
ical and accidental p but now they are holding themselves rigidly 
apart, arid I know of a &nmll Ashkenazic community in southwestern 
Asia Minor that abstains from meat rather than eat of an animal 
killed by a Sephardic butcher. I could not learn if there were also 
differences in creed, but practically these two groups are like different 
sects, and in most places there Is less intercourse between them than 
there is between Protestants and Catholics in the moat backward 
villages of Central Europe.* This is perhaps of some importance in 
connection with the fact that both Ashkenazim and Sephardim are 
equwily distinguished by a complete absence of uniform racial char¬ 
acteristics, just as it U with our Jewish friends in Europe. 

The “eolightened public” of course knows better. Some Jews 
themselves state that they am |J pure Semites, chosen and selected,” 
and even in modem scientific papers one may still road of the com¬ 
plete “uniformity” of the Jewish type. But this uniformity only 
exists in the bonks and tint in reality. There are Jews with light and 
with dark eyes, Jews with straight and with curly hair, Jews with 
high and narrow, and Jews with short, nod broad noses; their cephalic 
index oscillates I Jet ween 55 and 98—as far as thb index ever oscillates 
in the genus homo. Indeed, since my paper on the anthropological 
position of the Jews 3 there is, as far as I know, no serious anthro¬ 
pologist who stall maintains the cranial uniformity of the Jews. It is 
also conceded that the great majority of the Jews is decidedly braeby- 
cephalic, whilst the typical Semites am essentially dolichocephalic. 
But even giving up the cranial uniformity, one still speaks of the 
marvelous tenacity, frequency, and distinctiveness of the Jewish type 
of face. Now this f? Jewkhnc&s” is much more easily felt thou defined, 
and Joseph Jacobs 3 (1885) was the first to try an exact definition* 
It is a certain and typical development of Lhe nostrils (Jacobs's 
l Vnmtrifity M } that is the beat characteristic of what we generally call 
"Jewish*” 

iVeissenbcrgJ wanting to prove a specific Jewishness of type, relates 
how he showed some hundred photographs of Russians and Russian 
Jews without dktinguishmg or peculiar dress, etc., to two friends, a 
Russian and a Jew; the firat was correct in 50 per cent, the second in 
7Q per cent of his statements I do not think this experiment very 
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convincing; Weissenberg should have shown his friends photos of 
Greeks, Armenians, and Persians. The number of correct identifica¬ 
tions would then have been certainly very much smaller, and it would 
have become evident that whnt Wcissenborg t okes to bo "Jewishness " 
is nothing more than orient rd, pure and simple. I shall refer to t his 
statement toward the end of this paper, and mean while only want to 
advert to Tabic IT, on page 57 l x showing in the thick line the cephalic 
indices of 1,222 Jews; 52 per cant of these were Sephardim, whom I 
measured at Smyrna, at Constantinople, at Hakri, and In Rhodes; 
the rest were Ashkenazim’measured by myself when I was one of the 
medical assistants in the AHgcmeine Kmnkcnhaus at Vienna, Austria. 

Derides these two large groups there are other Jews in Turkey and 
in Egypt, who have been there since the early times of the Diaspora 
and longer. But they are few in number and I had no opportunity 
to measure any of them. 


H. GYPSIES, AFFAL, 17T0. 


A small bur. highly interesting group is formed by the Gypsies and 
their kin. About 30,(100 of them are said to infect Turkey with their 
disorder and inclination for theft and larceny. On the other side, 
they ore cheerful company, men and women, not seldom with a cer¬ 
tain beauty. 1 They make baskets and sieves; the men are mosi.lv 
blacksmiths and shrewd horse dealers. They are never settled in 
houses, but wander with their goat-hair tents, in winter time on the 
fdnins, in summer high up in the mountains. I once met a small 
village ’' of about 10 Gypsy tents as high up as 8,000 feet. Unhappily, 
nothing is known about their early migrations anti history; they spetik 
Turkish in Asia Minor, Arabic in Syria, and keep secret their own lan¬ 
guage with so much care that my various and repeated efforts to get 
ut least a few phrases turned out a complete failure.* 

In northern Syria I mot a land of Gypshfs calling themselves 
n Aptal”; they lay a certain stress upon their not being Gypsies, but 
I could find no real difference cither in their somatic finalities or in 
their ethnographic or social standing. Some of them often wander 
about like dervishes in groups of four or five, arid with a large red or 
green banner; others are jugglers and conjurers and plnv tricks with 
serpents. 

Gypsies never, or hardly ever, mis with other tribes in Syria or 
Asia Minor. They naturally pretend to be Mohammedans and have 
Islamic names, hut they are alw ays treated with a certain contempt 
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or disreteom. Mohammedans hardly over curst'; but one of their 
rare abusive phrases is teMniienc = gypsy. 

Till now we have bean treating of a few isolated groups that ore 
very easily separated from the bulk of the tribes uf western Asia. 
Wc now come to some nomadic tribes, who also form quite distinct 
groups; Turkomans, Yuruks, end Kurds. 

I. TI3KOMANS?, 

Real Turkomans, coming from west Turkestan. are rather rare 
in Asia Minor, and I never mot any in Syria. They travel in quite 
small groups, one or two families only, and are to be distinguished 
even at a great distance, as they are the only tribe in Asia Minor 
which lias the real camel with two humps, all the others having the 
dromedary. I once met a family of such Turkomans, near Old 
Limyra in eastern Lyciti, that, had come ‘'from near Samarkand," 
They had been away from home four years and wanted to go as far 
as Constantinople; in five or six years more they thought— intihaBah — 
to reach their home. 

Some of these Turkomans have very oblique eyes; all have small 
roundish heads ttnd are of low stature, seldom exceeding 1(50 centU 
meters. They do not mix with the native inhabitants, 

J. YtmUKB. 

Another nomadic tribe found in Asia Minor in far greater numbers 
than the Turkomans, is formed by the Yuruks. The word means 
1 'wanderer," and many misunderstandings are due to this ambiguity, 
as all sorts of "wanderers' 1 have been described as Yuruka, just iis 
settlers in South Africa sometime*speak of "Bushmen," not meaning 
the real Pygmy-Buaknum, but dark ami tulL Kafirs living "in the 
bush" 

I wrote upon Urn real Yuruks in the Z. /. E. 1SS6, voL 18, Verb. p. 
107 ss., and may here refer to this paper and to the plates in Reiscn 
in Lykien, etc,, quoted here (p. Sol), note 1). 

They are remarkable for the artificial deformation of their heads 
and their generally long skulk. Their real home is not known. 
They speak Turkish, and up to the present no trace has been found 
or their original language. I once suggested that they might be in 
some- distant wav related with the Gypsies, with whom at least some 
of them have a decided and striking somatic resemblance; it then 
seemed to mo possible that their high moral standard, their serious 
and decent ways, and their assiduity in work—their wives are famous 
carpet makers—might b« due to Islam, But thk was a mere b ugaa- 
tion, and it might well be that their resemblance to the Gypsies k only 
quite accidental. I hope that others may be more successful and 
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find legends find traditions, remains of tho old language, or other 
material that would permit us to trace the Yuruks back to their teal 
home. 

Meanwhile a sort of jealousy between them and the settled Moham¬ 
medans excludes intermarriage almost without exception. 

K. KURDS. 


Kurdistan, the land of the Kurds, is a vast mountainous territory, 
nearly twice as large as Greece, in the southeast of the Armenian 
mountains. Its frontiers are undefined and uncertain, changing 
with the scattering or gathering of a floating mass of chiefly nomadic 
inhabitants. 1 The greater northwestern part is under Ottoman, the 
southeastern under Persian, control. We know of no politic si unity 
of the Kurds, and, us far os we can trace back their history, they wore 
always forming many different tribes (aabireta) under independent 
chiefs, whose strength was only broken lii the last century, in Turkey 
not without the aid of H. v, Moltkr, then a young Prussian officer 

The Kardoucho) and Gordyaeons of the old historians arc most 
probably the direct ancestors of the modem Kurds, but wo do not 
know when these tribes first set their foot upon the soil of their pres¬ 
ent home. The Assyrian annuls and careful excavations on the 
upper Euphrates and Tigris will probably, at some future lime, shed 
light upon tills question. 

Meanwhile it is important to state two facts: The Kurds speak an 
Aryan language, and they have long head- ami generally blue eves and 
fair hair. 

[ have studied three groups of Kurds, 115 men near Karakush, 26 
men on tho Nimrud-Dagh, and SO men from near Sondjirii—oil adults. 
In the Knrakusli series 71 men were xanthoehroic, on tho Nimrucl- 
Dagh 15, and in Sendjirli 31, this being 62,58, and 3D per cent, respec¬ 
tively, and for the whole number of 221 adult men, 53 per cent. The 
cephalic index oscillated, in the case of tho JI5 Karakush Kurds, 
between 713 and 7S5, with the Nimrud-Dogh men between 723 and 
fd3 t and in fx'iuljirli between 744 and 809, the arithmetic mean being 
740, 752, and 769. Two good types are here reproduced. (PI, I,} 

Tho Kurds from Karakush uud from the Jfitnnid-Diigli live nearly 
isolated, I found only one or t wo small Armenian merchants with 
them. Tin: Kurds from Sendjirli stay near “Turkish " and Armenian 
villages, and it is known that they sometimes steal and marry Armen¬ 
ian wives, and not seldom they intermarry with “Turks" so it is 
probable that the Kurds from Scndjirli are less typical than those 
from Karakush and Ximrud-Dngh. 3 I suw many other Kurds on t ho 
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pltkin between Kyiykhan and Mara&h, whom I could not measure, 
but who seemed to be in absolute conformity with the Kurds I had 
me&suii'd. So I may state that the western Kurds are dolichocephalic 
with fin average index of 75. and with more than 50 per cent of fair 
adulte—tho heads becoming shorter and larger, and the hair and eyes 
darker, with the increasing admixture of tf Turkish” or Armenian 
blood. 

So much for the western Kurds. We are up to the present very 
ignorant as to the somatic qualities of the eastern Kurds. I have my¬ 
self only seen a very few Kurds from Persia, but the general impression 
of some of my scientific friends is that the eastern Kurds show a much 
higher percentage of darker and round-headed men than the western. 

The language of the Kurds is split into many dialects; yet two main 
groups are to be distinguished, a western and an eastern. Both are 
related to mcpdem Persian and are typically Aryan. So, if we ask for 
the real native country of the Kurds, there can only bo one answer. 
Il must bo the same ah that of our own race, of the race of Northern 
Eli rope. It is not my concern here hi this paper to treat of the Aryan 
problem, and I feel myself utterly free from any Pan-Germanic aspir¬ 
ations in the style of Gobincau and Chamberlain, but still I believe in 
an old blue-eyed, fair-haired, long-headed race as in an impregnable 
complex and not a synthetic accident. 111 

And can it be mere, accident that a few miles north of the actual 
frontier of modem Kurdish language there is Boghaa-Koi, Lire old 
metropolis of the Hit tile Empire, where Hugo Winckler in 190S found 
tablets with two political treaties of King Subbiluliurau with Matti- 
uaz&, son of Tuiratta, King of Mltanni, and in both these treaties 
Aryan d i vini iiea, Mi thru, Vanina, Indra, and NaSiityu, arc invoked, 
together with Hitt It v divinities, as witnesses and protector. 

And in the same inscript ions r which date from about 13S0 B. C* f the 
King of MUanni and his people are called Harri, just as nine centuries 
later in the Adnememdian inscriptions Series and Darius call them¬ 
selves Har-ri-ya, 11 Aryans of Aryan stock- 1 * 

So die Kurds are the descendants of Aryan Invaders and have main¬ 
tained their type and their language for more than 3,300 years* 


L. T.4HTADJL 


In Lydia there are about 1,000 families, or 5,000 souls, of a people 
calling themselves Tahtsdji or boardeutters— iJ sawyer^* 1 This is 
indeed their principal occupation. In Western Lycia their Mohamme^ 
dun neighbors call them ALIovI, a name that is perhaps connected 
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with tlu> word Ali-Ullabl or Le yard's Ali-IQ&hiya, * 1 moaning people 
that Worship Ali. 1 iron tod at large of this curious sect in 1889,* so 
llmt I can be brief hero. 

They live high up in the mountain*, generally in tents covered with 
Felt, sometimes in round [!] houses, anti keep rigidly apart from all (he 
other Inhabitants of Lyeia. They speak Turkish, are originally re¬ 
garded as Mohammedans,and have also Mohammedan mimes, but they 
have no inner connection with the creed of Mo hummel. They believe 
hi metempsychosis and in good and bad demons. Hares and turkeys 
are considered as unclean, and the peacock as a sort of incarnation of 
the devil. 

Their somatic qualities are remarkably homogeneous; they have a 
tawny white skin, much hair on the face, straight huir, dark brown 
eyes, a narrow, generally aquiline nose, ami a very short and high 
head. The cephalic index varies only from 82 to 91 with a maximum 
frequency of 86. The mean length-height index is 781, the mean 
facial index, 876. A typical skull of a Tnhtndji is figured here (pi, 11). 

M. BERTAS El. 

Whilst the Tahtadji live high up iti the mountains of Lycia, a similar 
sect, the Bekta.sk, dwells in the Lyeian towns, principally in Eknaly. 
Their creed has never been exactly studied, and they are very anxious 
to keep it secret. Like the Tahtadji they affect a certain affinity with 
the rwd Moslems, hut they never intermarry with them. 

I published the measurements of 40 adult malo Bektoah in my 
paper on the Tahtadji 1 and quote from it here, that the cephalic 
index oscillates only hottveen 84 and SO, and the auricular height- 
index between 74 and 83, with two maxima at 75 and S2, 'lire 
facial index has a very distinct maximum at 86, 

N. ANSAR tYEH, 

Exactly corresponding to the Tahtadji and the Bektaah in south¬ 
western Asia Minor are the Ansarlych *• NusaairSyeh in northern 
Syria. 

In some places, as in Ant nubia tad Orontem), tilt 1 / are called 
“FcUah"-—from their principal occupation—but have no connection 
with the Irellali of Egypt - All that is known about their creed ia 
exactly parallel’to our knowledge of tho Tahtadji, and the same 
tales of nocturnal orgies, “jus prim® n&ctis,” and “spiritistic" 
meetings are told of both groups. 

Many Ansarfych have also in their general appearance a striking 
likeness to some Lyeian Tahtadji. T measured 15 adult men 
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Their cranial index varies from 80 to 94, with a maximum at So. 
(Compare plate 2*) 

O. KYZYT.BASB, 

In l.pper Mesopotamia and in Kin all groups mashing in the west 
us far as the Htgh Taurus, near Marflsh, there is a curious people, 
living in the midst of Arabs and Kunk. which culls itself u Kyzyl- 
bash, ' a word that- means “ redhead ! 11 in literal translation* But 
there are not more red-haired individuals among them than among 
their neighbors, and their head dress is not more rod than that of 
any other Oriental gnuip, So the word can not mean what it seems 
to mean, and had its origin perhaps in quite another word in another 
language? in the sumo way that popular etymology made "'ridicule 3 
from “reticula" or, in Gorman, u muttor-seelenallehi T * from 11 mot 
tout seal/ 7 Perhaps linguists will one day find out the real origin 
and moaning of Kyzylbaah, 

Tn some places in western Kurdistan people that aro exactly like 
the Kyzylbash are called "Veridi/ 1 and protect that they have 
nothing at all to do with the Kyzylbash; in other places, so I was 
told one day at EJakhta, on tJie Boilam River and again near Diarhekr, 
that Yezidt and Kyzylbash wero two words for the same thing, 
the one being Arabic, the other Turkish. 1 do not know if this is 
correct, bul r as far as I could ascertain, the creed and the social 
condition of both groups are fairly identical Six A + H* Lay aid ? s 
classic report on this sect is so complete and exhaustive that I have 
nothing more to add than a few words on the physical characteristics. 
They arc strangely homogeneous. T was able to mejumra 189 adult 
men; only three of them had grayish eyes, all the rest had dark 
brown eyas, dark hair, and tawny “white* 1 akin. Their cranial 
index varies only from S3 to 02, with a well-defined maximum at S6 + 
The index of die auricular height varies from 75 to S3, and dm facial 
Index from 80 to 90 3 with a pronounced maximum at SG+ 1 could 
measure only a few noses; they were all very high and leptorrhint*, 
and so seemed, with few exceptions* all the rest. 

So those Kyxjdbaah arc excessively short and broad-headed in 
the midst of doUchoceplmlir Kurds and Ard>s; their nose* too 3 is 
much narrower than that of their neighbors. On the other hand, 
the Kyzylbadi [and the Yoddi] correspond absolutely with the 
Tali I ad] ij the Bcktash, and the Ansiiriych, so that we find a small 
minority of groups possessing a similar creed and a remarkable 
uniformity of type, scattered over a vast part of western Asia. I 
eoe no other way to account for this fact than to assume that the 
members of ad the^e sects axe the remains of an old homogeneous 
population, which have preserved their religion and have therefore 
refrained from inlertiiarriftgo with strangers and so preserved thdr 
old physical characteristics. 
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Two other sects that are now to bp mentioned, the Druses and 
the Maromtcs, show in the same way how religions seclusion tends 
to preserve old physical types, 

P. DRUSES. 

In the south of Beyrout a great part of the Lebanon and Ant/ili- 
bnjios country is inhabited l>y about 150*000 Drtises^ who down to 
our days are tu a certain extent independent of the Ottoman Govern¬ 
ment and enjoy a good many privileges. 

Their secret creed has been studied hi^t by S- do Sacy in ISM, * 1 
and contains, mixed with Jewish, Christian, and Mohammed an de¬ 
ments, a great many pantheistic concept font* together with curious 
ideas on metempsychosis and the repeated incarnation of God, and 
with remains of the old Oriental worship of Nature. They speak 
Arabic and pass officially as “MohAmmixlans/’having Islamic names, 
but they have no inner connection with the religion of Muhamiuct* 
Max v. Oppvuheim J Indievos the Druses to bo the defendants of 
u Arabs/ 1 immigrated about A, D. 800* 

This hypothesis probably conforms to local tradition, but is in 
direct contradiction to the general impression we get from Druses 
and from Arabs, and from the result of onthropometric researches. 
I measurel 59 adult male Druses, and not one single man fell, ts 
regards M& cephalic index, within the range of the n?fil Arab* 

The Drupes are all hyper-brachyceplmlii'p with an index oscilhttIng. 
like that of the F between 84 and 80 only, with one single 

exception, an old mischievous and half idiotic pci 13ioner, who pre¬ 
tended to have once been first keeper of the Imperial Plato in Con- 
stout maple, and to be a real incarnation of AIL Hm index was 76 
without a suspicion of aynostotic sutures; hut he had gray eves, 
and fell in many other respects so fully out of the line of the homo¬ 
geneous rest of my Druses, that it seems anfe to drop him entirely. 
The index of the auricular height ranges front 74 to 84 and the 
facial index from 79 to 62, with a distinct maximum of 86, with 14 
men in 58- 

Q. MARON1TE8- 

The northern neighbors of the Drag's ore the M&ronltes, Christians, 
generally said to he the descendants of a Mon ophy aite sect# separated 
from the common Christian Church after the Council of Chabcdcin in 
A, Dp 451. Now, this council k certainly of tho very greatest import¬ 
ance for eodedastbftl history, as it caused the schism between the 
Oriental world and the Occidental; tho Greek, the Armenian, and 
the Coptic Church sopors knl from the Roman, because the simple 
understanding and the sound common sense of the Orientals preferred 

■ Kipcrtdii Iff rtllchA DniM*. tdL 2, Puli, lift, 
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to accopt only one nature in Jesus Christ. Rut this ikeokgisal dispute 
gave the name to the Wnronitiss, for they chose tv monk, John Maro, 
Id he their bishop after they separated from Rome, hut their physical 
qualities are much older than thoir religious schism. Indeed, partly 
through their isolation in the mountains, partly through their not 
intermarrying with their MohEinunedan or Druse neighbor*, the 
Moronites of to-day have preserved an ok! type iu an almost marvel¬ 
ous purity. In no other Oriental group is there a greater number of 
men with extreme height of tlie skull and excessive flattening of the 
occipital region than among the Haronitefi. They arc the best 
specimens of what C, Toldt 1 calls M planoccipitid formation, aiid 
very often their occiput is so steep that one is again and again 
inclined to think of artificial deformation. Indeed I took great care 
to make sure of tins point and examined nearly u hundred bubU^ in 
their cradles, to ascertain whether or not- a particular way of laying 
the child's head on a cushion might perhaps influence the form of the 
occiput. No such possibility was found, and we are constrained to 
regard the extreme pi an occipital 11 formation of the Moroiutcs (and 
their relations) && a nat ural character. Cf. the two types here (pL 3*) 

I have measured 20 adult males, mostly from Baalbek and from 
Taraholus, Their cephalic index ranged from 79 to 91 with an 
arithmetic mean of SO. The average facial index was SO, the irregu¬ 
lar indices running from To tu 04 r with four e a$es of ST. All were dark. 

Having thus tre ated of a scries uf smaller groups, We can now pro¬ 
ceed to the five great groups of western A sin—Fen-dans, Arabs. Turk= t 
Greeks, and Armenians. 

R, PERSIANS r 

Notwithstanding some recent researches, our knowieilge of the 
anthropology of Persia L* rather scanty. In a loud inhabited hy 
ftlkuit 3 0,000,000, not more than 20 or ,10 men have been regularly 
measured, and not one skull has been studied. 

Apart from Kurtk p Arabs, and Armenians, each numbering from 
200,000 to 300,000 souls, and smaller groups of Ncstomns, Lure, 
Gypsies, etc., there are two Urge ethnical groups in Persia, the Shiite 
and settled Tajik and the Sunnite and essentially nomadic Ihlat. 
The latter are Turkomans and so is the actual Dynasty id the Kujur; 
the Ihlat, being the energetic and vigorous clement, are the real 
musters of the land and of the Tajik, the descendants of the old Per¬ 
kin ns ami Modes. Bui long-continued intermarriage has produced 
n great many mixed types. Thus the Ivajors have sometimes the 
high aquilin® nc*rs quite foreign to real Turkomans, 

The old type seenti to be preserved iu the Ptursh the discendanta of 
Persians who emigrated to India alter the battle of Xahauband 

i ,, ITL,ir J Ut by;u:’4l i.ltff 4I» Bet. :.y.\- -iiilir i)m AliKLUSLiLiiltwtl &tvulkcru!-.j " lu vu dew 
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(A. J>. 640), of much purer form than among any true Persians. 
They are all abort headed and dark. 

My own measure incuts arc confined to I fi adult men, Femans of 
the Diaspora, diplomats, consuls, and tobacconist*, whom I occa¬ 
sionally met in Constantinople, Smyrna, Rhodes, and Ad alia. They 
were all very dark. Their cephalic indices run 73, 74, 74, 80, Si, SG, 
SO, S7, 87, ST, SS t SB, SO, 89* 90* So there is A Urge majority of 
brachyeephals. I do not lay stress on the three dolichocephalic men, 
because a great number of Persians whom I saw, without being able 
to measure, seemed to be hrachyccphiiUc, Anyhow it is not impos¬ 
sible that in reality a certain number of Persians—1 am very far 
from saying one-fifth of Lbem—have long skulls. I never saw Persians 
with light hair and blue eyes, but I am told that in some “noble" 
families fair types are not very rare. 

Wo know nothing of the physical characteristics of the Achwman- 
ides, who called themselves ‘Aryans of Aryan stock 1 * and who 
brought, an Aryan language to Persia ; it is possible that they were 
fair and dolichocephalic, like the ancestors of the modem Kurds, but 
they were certainly few in number, and it would therefore be aston¬ 
ishing if their physical characteristics should have persisted among a 
large section of the actual Frisians, Still we must reckon with the 
possibility that an early M Aryan 11 invasion was not quite without 
influence also on the somatic qualities of modern Persians, Mean¬ 
while much serious scientific work must st ill be done in investigating 
the anthropology of Persia ere we can replace mere conjecture by 
actual certain tv; 

S, ARABS. 

In dealing with the peoples of western Asim in no case is it more 
important to keep language and race rigidly apart than when treating 
of the Arabic-speaking people. Friedrich Muller called all the various 
elements in Arabia, Palestine, Syria, ami Mesopotamia 14 Arabs/* 
merely because they spoke Arabic. Nothing could be more errone¬ 
ous. The material and mental culture of those tribes and their 
somatic qualities are widely distinct, and the extent of the Arabic 
language is infinitely larger them the extent of an Arabic racial 
element. 

But peninsular Arabia is the least-known land in the world, and 
large regions of it itre even now absolute "'terra incogaSt®/ 1 so 
i^reat caution is necessary in forming conclusions, from the measure¬ 
ments of a few dozens of men, concerning the anthropology of n laud 
more than five times ns great ns France, 

My own measurements arc confined to 38 Aimc^eh-Bedouim, 
whom I met in 1583 In Aleppo ; J 8 Other Baclnwy, generally SiminiflJir, 
Camel drivers between Mosul and Akx&iulretta; SO Mohammedan 

Arabs* 1 bring in the town Hamah, the site of the first ! Lilli le 
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inscriptions published; and ISotherMohaminfldAiBirom Syrian towns. 
Two groups, unfortunately very email, consist of 6 priests from 
Geayrc i t whom I met in Aleppo, and 5 men from Htul t in Arabia, 
whom I was able to measure in Comtanrintfpln—in nil 102 adult 
men, 61 of l hem real Bedawy and 41 settled in towns-* 

The cephalic indices of these "Arabs 1 * ran thus: 
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Remarkably parallel with the cephalic index is the form of the 
iigdO in both these groups. The Bedawy ns n rule have short and 
fairly broad f the other *' f Arabs” have, with few exceptions, high and 
narrow noses, often of mi aquiline form. 

What wo generally call u "Jewish type” id found very seldom 
among md Bedawy and very often among the "Arabs w hi the 
towns, but it would be dilliodi to reduce this statement to it statis¬ 
tical form t as the conception of "Jewishness” is too uncertain and 
precarious. Two typical Bedouins arc figured here. (PL 4.) 

Wo shall later on try to understand the historical connection 
between these two types, the Bedawy and the other "Arabs/* For 
the moment, wo must restrict ourselves to having shown ihc marked 
difference that separates them. 


T. TTTRK^. 


It is customary in most European languages to call the Moham¬ 
medan subjects of the Padishah "Turks." But the word should 
uever he used in this sense without inverted commas; it is more 
than ambiguous and cosily lends to serious miminderatandings. 

A Turkoman tribe, the OtlimanH, commenced from 12Sfl ts> conquer 
a great part of what is now the Ottoman Empire, A good many of 
the former inhabitants were then forced to speak Turkish and to 
turn Mohammedans. It is easy to understand that the descend ants 
rd the conquerors and of the conquered renegades Lnleirnurried 
freply p fuadp as the number of the conquering troops was naturally 
very much smaller than that of the original population, the great 
bulk of the IQ m 15 1 or perhaps more, millions of so-called "Turks” 
has now ihe physical qualities, not of the conquering Othnnmli, but 
of the old pnj-Othmimic inhabitants. 
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PLATE 5. 



Hadschi Suleiman, Mohammedan, Girmeh ,lphh\ n L 



AU T5HAU5H, Mohammedan, Aqhl*5AN {JKItH r . 

















SrpJtt-L.’i- in Rc*pcrt t$A4 —UtfChUrt. 


Plate 6. 
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So the anthropology of Turkey i* r like that of Hungary, a typical 
example showing bow language t religion. nationality f and nice are 
quite distinct conceptions, and it is interesting to ace how they am 
again and again confounded by the general public and by the press. 
In my paper dn the Tahtadji 1 I gave the indices of 187 ri Turks* p 
(Turkish-speaking Mohammedans) from Lycia, and was able to show 
that in the mountain tillages, and m some swampy marches not 
easy of access, people wore gone rally short headed, and in the towns 
and on the coast long headed. Since then I have measured 
more 1 Turks” from southern Asia Minor and northern Syria, so 
that I can now publish the cephalic indict of 756 adult men; they 
run from 69 to 96; if we count the indices 77 to 81 as mesaticephaUc, 
172 of the^e 756 men would he dolichocephalic* 151 mcaaticephithc, 
and 433 braehycephalic, with a very pronounced maximum of 77 
and S3 men respectively at indices 85 and 56* 

These numbers speak for themselves, but it is perhaps useful to 
study first the corresponding figures for the two large remaining 
groups, the Greeks and Lhe Anueniaiig, and then to compare the 
resulted Two very different types of f, Turfa M are figured here 
(PL SO 

IT. GREEKS, 

What has been said of the J Turks” is valid too in absolutely the 
same way for the ‘‘Creaks” of Anatolia and Syria. Some of them 
are certainly the direct descendants of old Ionian^ Dorians, or 
^EoEans, but the greater part are descended from other groups 
which spoke Greek and had accepted the orthodox reiigiun, 

I must here pass over the interesting problem of the Durian and 
Ionian wanderings 3 and must restrict myself to some measurements 
taken on a series of 179 adult mm calling themselves Greek and 
belonging to the orthodox church. I published this series in 1890, 
in my paper on the Tahtadji, and reprint here a graphic labia showing 
the frequency of the- cephalic indices. It is very striking to see how 
the curve shows a maximum of 22 men with mi index of 75 r and a 
second maximum of IS men wi&h an index of 88> 

Seventy-nine out of the 179 men are dolicho-, 81 are braclty-, and 
only 16 are mesatieephalic. If wo reckon the arithmetic mean for 
the whole series, wo get an average index of about 80, closely con¬ 
forming to Wckbacii** 95 skulls of Asiatic and European Greeks 
with an average index of 81*2, and with the series of KUm Stephan os, 1 
whu found 80.8 fur the Greeks in Europe and 50.7 for the Asiatic 
Greeks. 

1 l -l pciL i |>, 5£j d v a u 2. 

1 Uj flwtt prK-jitp L|tm b Owl, contrary to Ibwxy *1 CufUu, th* IjelIuu enmn from Kur^ia-Md I be 
Oyrluis Imm Aik. but X f.hi l 11 (Ml ihh iqn|flct la whUIut pwp«, 

* Anlct* m 'ifiwM In, I'lJc’t pnojcJap, 4*w setnofta tupA, Paris, 
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It is easily understood how dangerous and mystifying such ail aver¬ 
age index may be, if the material lh composed of individuals from at 
least two different groups, as it manifestly is. 

I am in possession of 93 skulls from a modern Greek cemetery in 
Ad alia: they show about the same distribution of mtlices. 

Long before the rediscovery of Mendel and his laws I tried to study 
the heredity of the cephalic index in the Greek families of Adnlia. 
Here, in the old capital of Fomphyliu, there is a large Greek colony, 



Tint* 1.—Frojitniy Dl »[U1 Hk« la a utJu of US nfull malt ijteslu. 


and as I had by good chance Ix'on able to give medical help to some 
of the influential members, I was permitted to measure parents, 
children and other relations in C7 families. Tim results were striking. 
I published a short abstrac t of them in 1889, in the Kciscn In Lykirn, 
and in 1890 in my paper on the Tahtadjt. 

There was a family A; the father hod an index of 87, the mother 
of 73; of the two sons, tho elder had an index of 70, the younger S7. 
In another family, B, the brother of the dead father had an index 
of 70, the mot her 80, a son S3, a daughter 75. In a third family, 
C, both parents were brachycephalic, with indices of 85 and. 80. 
Of their five children, only the youngest daughter wits short 
headed, with an index of 80, and four elder brothers had long heads 
with 72, 73, 75, and 73, respectively; 74 was the index of n brother 
of the mother. 










571 




EABLY INHABITANTS OF WES TEES' ASIA—LUSCHAN* 























































































































































































572 ANWAL REPORT SHIIHSQtflAX EKSTLTU'PlOF f 1014* 

If I dow study 1 hose fit families in the tight af Hendeliim researches, 
it tetris *ti if neither brachy- nor dolidioeepliidy were dominuiLi or 
receive; they seem to be transmitted now with equal frequency, 
and this bus probably been the rase for more than 2*£MiO yearn . At 
least, that Is the ugo of the Greek colony of Adah a and for &) or 70 
gencratioiis short and long headed “Gradft 1 ' have boon freely inter- 
nuirrying. The result wua, in many cases, not a mixture, m IT we 
would mix red and white wine, but it was often a manifest reversion 
to the original types* I called this process “Ewiteisrfumg," but 
one might perhaps just els well say "SpaUitng 1 ' or ^reversion/ or 
Prostitution/' 

In this way good old types, oner fixed by long in breeding, do not 
necessarily get lewt by intermarriage, hut often return with astonish¬ 
ing energy. 

The short heads of the Asiatic “Greeks” eertainly correspond to 
the short heads of the Mt Turks' 1 and of all t ho Moslem Sectaries 
described jit length in this paper. We shad! soon Icum to know their 
real origin. The long heads probably do not belong to one uniform 
typo; some of them are nearly m high as good Anglo-Saxon heads, 
and can perhaps be compand with the heads of Kurds; other long 
heads of Greeks, are low, like the beads of Bednwy, and I am inclined 
to regard Lhem as Semitic. Tliey are, indeed, chiclly found on the 
si tes of old Semitic colonies. In some of these places, m in Ad alia p 
the women wear their hair in many I bin plaits, like the old Assyrians, 
and they are famous for their “Semitic' 1 appearance. 

As in ancient Greece a great number of individuals seem to have 
been fair, with blue eyes, I took great rare to state whether this w ere 
the case with the modem * 1 Greeks ,f In Asia, I have notes for 680 
adults, males and females. In this number there wore 8 with blue, 
and 2ft with gmy or greenish, eyes; all the rust had brown eyes. 
There was not one single case of really light-colored hair, 1 but in 
nearly all the cases of lighter eyes the hair also was less dark than 
with the other Greeks* 

I did not measure all the Greeks whose eye and hair color l noted, 
but I found that three cases of the bhiCj and thirteen of the gray or 
greenish eyes w ere combined w ith long heads; but I noted aho several 
cases of blue eyes with very short heads. So it is evident that head 
form arid pigment arc transmitted separately* As the number of 
long and high heads k much larger than the number of fair complex¬ 
ions it seems permissible to say that with the Asiatic Greeks fairness 
is recessive in the Men deli an sense. Two different ty|ies of* 1 Greeks M 
are figured here (pi 0)* 


* \\ i ih lb* f al*| 4MKi *A t rjL ‘j u\i 14 E ilkLL uL S* ml, vlui or t *11 LuLfcL 1 IE q uituiEPT jhrj aiT* tw 
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V. ARMENIANS. 

Whilst “Turks" and “Greeks” have been proved to be composed 
of at least two quite distinct somatic etemente, the third of the three 
great ethnic groups, which form the bulk of the inhabitants of Asia 
Minor, tin? Armenians, is comparatively homogeneous. 

Of course they also have incorporated in themselves various alien 
elements, and I know Armenians from southern Persia who look like 
BHoch or Dravidiaiis, hut as a rule the great muss of the Armenians 
forms nut only a religious, but also a somatic unity. 

Particularly in northern Syria r here are places where Armenians 
resemble one another like eggs. Religious seclusion and, in many 
coses, life in remote mountain villages, have both contributed to 
prevent intermarriage with strangers, and thus we may assume from 
the beginning that they represent an old type. 

More frequently than any other group in western Asia they show 
the “planoccipitur form of the profile curve, grant brachytephuly 
with extreme height of the hull and a particularly narrow and high 
nose (Of, pi, 7). 

They are generally dark; yet of no aduh men, whom my friend 
T)r. Assadur Altounysn examined for me in Aleppo, 8 had blue, and 
0 “greenish," eyes, and in my own series of 20 adult men 1 had light 
gray, another greenish, eyre. I have no good statistics on the Amie- 
nians from the Provinces of Erivan and Nahiishevitn in the Russian 
Transcaucasia, but, a great number of the Armenians, whom 1 occa¬ 
sionally saw from there, hail reddish hair and gray or green eyes. 
1 do not know with what elements they may be mixed, and t hink it safe 
to omit them here entirely. Also a few “Catholic 1 ’ Armenians whom 
1 met at Antiochiu (ad Orontem) are to be excepted from my series,, 
as l hey have a more prominent occiput; probably they are of mixed 
origin. If I omit these “Catholics," my series*of true Armenians 
begins with a cephalic index of 83 and ends with one of 90, the max¬ 
imum of frequency falling clearly at 88, 

To this extreme? brachycephaly corresponds a facial index oscdliw 
tmg between i 7 and DO, with a maximum frequency of 87 and 8S 
and with an average of 87.5. 

A scries of JO Armenian skulls begins with a cranial index of S! 
ending with one of 9 j. A very typical skull from this scries is figured 
here (pi. 11). and two good types are reproduced hero (pi. 7). 

SUMMARY. 

If wo now sum up tho results of our researches and try to review 
them in regard to tho origin of the different ethnic groups of western 
. m ’ w ? ™ Uf) * Unger over the Negroes, the Circassians, the Alba- 
mans, the Bulgarians, the Bosnians, the Franks, and the Levantines. 
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Their origin lies outside the scope of this paper. The sumo is true 
of the Gvpd® and their Ion, but it must be stated that perhaps one 
of the nomadic tribes In Asia Minor, the Yuruks, is in sumo wav or 

Ollier related wilh them. . . 

Of fur greater import smef 1 - art* tbo K urds* From t he great f requ enc \ 
of fair individuals among them, it is evident that their Lome must 
be in the north, and it is probable from their Ajyan language that 
they are in some way connected 'with the Mitanni, who had Aryan 

divinities about 1280 B, C. , , , . . 

I am well aware that at present there is no real proof or decisAe 

evidence for this statement, but, by way of a working hypothesis, 1 
might bo allowed to suggest that the Kurds, the Anionte* °* 

Bible the Mitiumi of the Boghnz-koi tablets mid the Tamelui of the 
old Egyptian texts are, if not identical, at least- somehow related to 
cue another.* About 1500 B. C., or earlier, there seems to hare begun 
a migration of northern men to Asia Minor, Syria, Pareia, Egypt, 
and India. Indeed, we can now connect even Further India with 
the Mi t mini of Central Asia Minor. On the tablets of BogWAoi 
the kina of Miianni not only rails himself and his pay ham, 
but he speaks of hb noblemen as “ mari/ 1 and Hugo Wmetier aaA 
F. C. Andreas * remind us of the word “ marrft" for “ young man or 
“huru” in the Ycdic texts. So we find the same Aryan nobles in 
Milunni about 1280 R. C„ and very much later also in India. 

If reaUv, as it seems, the old texts state that the Amo rites and the 
Tamehu Were fair, wo should thus got a historic explanation of the 
great number of xontbochroic people we find down to our time 
everywhere in Asia Minor and in Syria, and among the modem dews. 

Resuming now the thread of this paper, we have a grout number of 
different 11 Moslem” Sectaries spread over a vast part of western 
Asia under different names, as Tahtadji, AUevi, Ali-UllnhJya, Ansar - 
yeh. Fellah, Kyzyl bash, Yezidi, mid Bektash, speaking the different 
languages of their orthodox neighbors, Turkish, Arabic, and Kur t* , 
but still absolutely homogeneous as to their somatic characteristics. 
And to jhk selfsame group belong also the Druses and the MaromU-s. 
They also have the enormously high and Bhort “phuioceipiUu 
heads and the narrow and high noses wo find with the Sectaries. 

Now tltis same hypaksepUaUc element with the high aquiline noses, 
which forms the entire stock of all these Sectaries, we find again irs 
Persia, and in a high percentage among the Turks and the Greeks, am 
in a still higher among the Armenians— every where under ciruum- 

iThtbtJbf EulgrtUiin uf a rlufufftui trSb* t& WK(4m Asia li ihat oE (±n Uahltox- l\is*inf ittrijiifli 
^ouamnb.Thfire Lb* ignm uC (OiiUI La iLutiiiunUnj Em rpnnrra4 nitrot, tbry Ctm * 

IMtalxin* ataat m JS. C- JutWon and <Wlitt tmn Ltab prti^fp^ biwiu, 1* 1 a tmpa«lW» W 

tbi tiltw paiha p ibihI Uwfi ska thaiaf Pw CSsrdyMa&j rinl wFtli# KwUi.Li MnriiiiWlr wmk!E«I * 1“ 
\hnt af tha fi atoiisaw i Thu lwve> kail w(ir pmnnm- 

i OftaalEii[riaicli* UtButurifiSSHn^ lUHH, p. 3S& a. GE» at» EcLSI*?*'* “Umnii Miftratea fit* Aim 
fat j tr ^ ft K rhi l -hU L L rl in Sistsia^bwkbt* BhLLdw Akod. d« W IKfls *- 
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stance* that would make it appear to bo old and aboriginal,whilst the 
dolichucoph&b seem to rcpresetil later immigrations. 

This theory, bused entirely on anthropometric research, is con¬ 
firmed by historic considerations and by the results of modern excu- 
rations. Wo now know that about 12S0 B. 0*, when Khattneil made 
1 im pence with Harness II, there existed a large empire, not much 
smaller than Germ any p reaching from thy iEgjean Sea to Mesopotamia 
and from K&deah on the Orontes to the Black Seu + We do not know' 
at present if this Hitiitc Umpire ever had a really homogeneous 
population, but we hare a good many Hitt he reliefs, and all these, 
without one single exception, show ns the high find short heads or 
the characteristic noses of our modem bmchycephalic groups. 

When 1 first upheld in IS92 T in my paper on the anthropological 
pK>siticjn of the Jews, the homogeneous character of these groups, I 
called them Sl Armenoids.' r But there can be no doubt that they are 
all descended from tribes belonging to the great Hitt it* Empire. So 
it is the type of the Hittitcs that has been preserved in all these 
groups for more than 3,000 years, and tins is certainly a Jewish type, 
and corresponds with the old Jewish ideal of beauty as we read in 
the Song of Songs, vii, 4: “ Thine eyes arc as the pools in Mesh bon, 
by the gate of Bath-re bbim, thy nose is like the tower of Lebanon, 
which lookctli toward Damascus. 1 r 

But this Jewish typo is not Semitic and b rarely found among the 
only real Somites, the Bedawy, The Hittit-o inscriptions have not yet 
been read, but our orientalists arc unanimous in assuming that there 
b not the slightest doubt that the Hittite language was not Semitic. 
Thc^c non-Scoiitic aborigines had their own language, their own 
wri ting, a nd their own religion* Semit ic influ unco is completely 
absent in the earlier times and is perceptible only later on at different 
times in tho different territories—fii^t in Baby Ionia, then in Pales¬ 
tine, where Abraham is the Sjpmr fed/ wpa? of a Semitic invasion, and 
at ill later in Northern Syria. Mere my own excavations 1 in Send* 
jirli, the old Samal, have brought to light a Semitic inscription of 
King Kiiloniu, mn of Yadj, from about $50 B. C. t invoking Baal 
Semed, Baal Human, and Rekub^L Another inscription of King 
Panama from about SOU B T on a statue of Hadad, praises Hadad 
himself and four other Semitic divinities, El, Re£ef, Rekub^l, and 
Semes. 

As Te£up P the great chief-god of the Hittitcs, is not mentioned m 
any of the Semitic inscriptions of Send] Mi, wc may suppose that 
about WOO B. a, or earlier, independent of the Assyrian conquest*, 
Semitic invaders brought with them their language^ their alphabet' 
tlnur writing, and their religion, to northern Syria, but we know" 
nothing of their number, and we are not able fmm historical data 

1 AuaffubdUfWi m StQdichLfU, 1-1. Bwlifl, lickwT, iSCalfUL 





576 


ANNUAL HO^RT eMIXHBONUN' IKSTITITTIOX^ 1514. 


to form an exact, opinion as to how far these invaders could influence 
the somatic characters of ihe old Hittite population. 

I give here (pi. 10) the portraits of a later king of S&mul. Borrekub, 
from about 730 B* G> } and of hm queen. The king Hus certainly 
not a Eli Kite profile, mid hia might well himself In? of Semi tie origin, 
but probably a great number of his subjects had preserved the old 
Hi trite charactrcristics^ and even the queen herself looks as she were 
nut quite without Hilt ito blood. 1 

For the present population uf northern Syria, m well as of all 
western Asm, our nufcliropometriu tables show' evklimco that this old 
type is still extant in a high percentage among tho actual inhabit ants* 

Only as to the primordial home of tho Kittitas, or however oho wo 
may term ail these hypsi- and braehyoephidi© people with the high 
anti narrow noae, is there some difficult) 4 . Thts “Alpine race" uf 
central Europe is certainly somehow related to or connected with 
them and a priori it b not easy to determine if the Hilt i to* came from 
central Europe or if the “Alpine race” came from western Asia, I 
do not know if the first possibility has many champions left now. If 
so f they might certainly lay stress on tho fact that tho modem 
Armenian* and the modem Persians, both typical “Kittitas/* are 
now speaking Aryan languages, but wo know’ how often ethnic 
grou|js change their language entirely without losing their somatic 
type, and we van in litis special cast) well i magi no i hat. early preen rnon* 
of the xoruhochithc Kurils ami their relations may have brought 
their Aryan language to tho old An noma ns and Fersiniis without being 
able to impres* their somatic type upon them. 

We should nut forget, too, that Europe h only a smidl peninsular 
annexe to Asia, and that there are infinitely morn typical “Kittitas” 
in western Adi a than there are in Europe, ft seems surer, therefore, 
k? locale the cratlJo of tho Kittitas in Asia, whore wo find extreme 
brachycepliuls as far to tho east as Burma and Siam and tho Malay 
Archipelago. 

Wo could then also understand how the essential somatic difference 
between the Kittitas and the other hr achy cephalic Asiatics—thoir 
high and narrow nose—originated as a merely accidental mutation 
and was then locally feed, oil her by a certain tendency of taste and 
fashion or by long, pcrlia^ milfarmial, inbreeding. The “Hi trite 
noHv ha h finally become a dominant characteristic in tho Mcnddian 
senna, and we aeo it, nut only in the actual geographical province of 

e Alpino nice, but often enough also here in England. Certainly, 
femnlur noses may originate every where, quite mdupendoiitlv of the 


ihm mk \ rj \ lllv(n llir, F MPi] *t S<7W!jJrl] . mP& h*Mk rq^EWnl nij pie intvl y aiLJ 

Z m T ^ ™ 

Thn pnt 'Efffd 1 ' THk 4 !>ndUp Ilka tii* rao^Ecm ArcMnlu rjjL 2). 







Tfll*.-—Lmcha*. PLATE 1 1 



Skull of Typical ARMENIAN, 












EAPJ.Y INHABITANTS OF WHSTEBN ASIA—l-T7Sr. ll a n, 577 

Hit&tes, by mere mutation, but it seems .^aJVr to explain by atavism 
jiiitl by Asiatic or Alpine origin noses like those of t he late Cardinal 
Newman, Ralph Waldo Emerson, or Charles Kingsley, 

So, to sum lip, wo see bow nil western Asia was originally inhabited 
by a homogeneous, meknochroic race, with extreme hvpsi- 
bmnbyoephaly unci with a “Hittito” nose. About 4000 It. C. began 
a Semitic invasion from the southeast, probably from Arabia, by 
people looking like modern Bedawy. Two thousand years later 
commenced a second invasion, this time from the northwest, by 
xanthochroous and long-headed tribes like the modem Kurds, half 
savage, and in some way or other, perhaps, connected with the 
historic. Hard. Amoritcs, Tumehu, and Galatians. 

Tho modem “Turks/' Greeks, and Jew's are. all three, equally com¬ 
posed of these three elements, the Hiltite, the Semitic, and the xan- 
thochrooua Nordic. Not so the Armenians and the Persians. They, 
and still more the Druses, Marenites, and the smaller sectarian 
E rtJ1J P 9 of Syria and Asia Minor, represent the old Hittite element, 
and are little, or not at all, influenced by the somatic characters of 
alien invaders. 

Combinations of philology with anthropology have in former times 
especially t lire ugh Friedrich Matter and his school, often led to 
serious mistakes. One spoke of Aryan races instead of people with 
Aryan languages, and ono wont bo far as to speak of Aryan skulk and 
of Aryan eyes, so that Max Muller formally protested against tint 
intrusion of linguistics into ethnology, stating that ono might just as 
well speak of a brachycophulic grammar as of an Aryan skull 
_ ‘‘'rill there is a solidarity between the historical sciences and natural 
hktory, and in proof of this solidarity X have ventured—in the spirit 
and in honor of Thomas Henry Huxley—to give argument and 
evidence. 
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EXCAVATIONS AT ABYDC6.» 


By EDot'Aan Xaville . 1 


nviih S pltttd.l 
I. THIS TOMB OF OSIRIS. 

There was a city in Egypt called by the Greeks Abydos. This is 
aii example of a popular etymology or rather popular transcription 
l * Egyptian mime was "About - which through MrablJ co of 

th U H lhe dj f atl1 well-known Grecian city of Abydos on 

ho Hellespont, made famous by the passage of the army of Xerxes 

nan n ,h° ?* dt > v b - v that name, it played no 

pan m the policed world, hut became famous chiefly ss a pla« for 

the worship of Osiria; one could almost call it Mecca of Jijgriag 

OH,r. S( moat human god of the Egyptian pantheon, had Ln n,'t 

K £f“ ^ nv t ! ; <> r bat bis son Ho™ had 

brought lam back to life by reconstructing his body His tnmh 

tamed the body of the god, or as Greek write* say, only Ids head 
On account of the sanctity of the place, the E&vMinm'Lkcd tn be 

Sr'.'T r 1 *- '-I** cont^j d * h 

tinging to all eptH-ks from the neolithic age down to the Roman 
Empire, lungs had Lhero built temple moat of which excontim? 
two have been destroyed, tiiotigh one in particular, built by Sdti 
o the nineteenth dynasty, the father of Ramoses w has remain 
iilrimst m its entirety, It was unearthed by Marietta It » a W 

£?% Wh,ch VU3 by Ramoses. In .ho part bud by 

S6U there are some of the most beautiful sculptures in Egypt but 
rom father to son the style changed completely, the work of Ramies 

ZLiz&zr ** *• w - 

lo ll.o .load. Sinco it » dedicotod to Osiro. it loaned iLohobhn?*? 
ftMorab of this god might bo in this virioili. P b “ Me lb “ l 

ty Aniivrt Sutsst* tf .Utl^doeU „WoaL, --- 1 - 

»«nl liar. 17, 1311, ,hi[„ tie einmiiflu, *«. .JT ^ r.u. 

*»* Weml 0[ tn a « w Wb t Z^t^J^Vda^lI hr ,h ;- T ^ “ ■*"* 

«l.he (To! pop. which i M <W()wn , hnl , fcTOii lh( V 1 * 1 ^ ^ 
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For several years M. Petrie had attracted attention to what ho 
cuUi-tl the Osireion. He had discovered a passageway lending to a 
room ornamented with funereal paintings showing a scene of worship 
rendered to Osiris. In this passageway was a side door before which 
M. Petrie was stopped and which ho shows upon his map to be a 
passage leading to the temple of Sdti, situated about 80 meters from 
this door. 

Following dose upon a number or excavations in these cemeteries, 
it was decided that we would examine all that was in the spare which 
separated the temple from that door, mid wo commenced this work 
two years ago. Wo first found an inclined corridor, completely 
filled with ddbris, whose walls are covered with texts from the Book 
of the Dead from the time of Mcnephtah, the son of Humeses IT, 
Tying of the Exodus, This corridor which was 14 meters long, was 
formerly covered by a ceiling mudo of large blocks of sandstone all 
but one of which have been taken away. It ends ia what we first 
thought to hi- two lateral chambers. Now wo have found that it is 
a single great hall, with corbelled ceiling and the walls covered with 
funereal pain tings of Mcucphtnh. 

Opposite the corridor in the east wall of the hall there is a doorway, 
the triple lintel of which was found two yearn ago, composed of three 
stones 5 meters long. We have found that this doorway crossed a 
wall 4 meters thick. It seemed &s if beyond it we might discern two 
undiscovered rooms. It- was only a lack of funds that stopped us. 
When we left the place, we had before us a space about .'*0 meters long 
covered with sand that must be cleared out to some unknown depth, 
and dose to the temple there was a very high mound made by the 
excavations of Marietta. This pile has since been removed by the 
Service of Antiquities, it was evident, however, that we could not 
reach the Osireion until we had the necessary funds for making ibo 
excavation on a large scale. So wo did not work during the winter 
uf 1912. One can judge of the importance of the excavation from 
the fact that to-day we have 639 workmen, two-thirds of whom are 
children carrying baskets. It is the greatest work that the Egypt 
Exploration Fund has untiertuken. 

On December 23 we were installed in two crude brick houses built 
for us in tha desert. My collaborators that year were Mr. Whit te- 
more of Boston, and Messrs. Wamwright and Gibson, both English¬ 
men. After we had begun, I thought tha t beyond the door discovered 
two years ago we might reach the entrance of a passage leading to the 
subterranean sanctuary, consecrated to what is called the double of 
Osiris; that is, a kind of bodyless shadow which forms part of the 
parson. 

I should never have expected to see what we really unearthed. 
Between the doorway with enormous lintels and the temple of StSti I 
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is a Surge edifice evidently built at the lime of the pyramids; that is, 
belonging to the first dynasties. It is very much ruined. but it was 
constructed of massive materials, tho largest that have been found 
in Egypt in like quantity* It is an edifice unique among those 
numerous temples and tombs that one finds in the Valiev of the 
Nile. 

It is rectangular in shape inclosed by u wall 6 meters thick made 
in two layers, the outer layer of roughly dressed limestone, and 
the inner layer of groat blocks of very hard red sandstone, hound with 
dovetails of gray grnnho* The area thus inclosed is SO meters long 
by 20 wide and divided into three parallel naves which are separated 
by enormous mo noli tide gnvidtc pillars supporting architraves which 
are mostly 5 meters long. The two side naves had a ce ding of granite 
monoliths that one could hardly call slabs, for they are more than 2 
meters thick. The middle nave was probably open to the sky. 

These gigantic colonnades must have produced a very wonderful 
effect. Even now one is struck with admiration before that majestic 
simplicity, although very little of the whole edifice remains* There 
is nothing intact but the comer of the north colonnade* Ah the rest 
has been ruthlessly destroyed. It is very probable that tho one who 
set the example was Ramoses himself, for he had little respect for 
tho work of his predecessors. Several heavy blocks of granite or 
sandstone used in the sanctuary of his temple located a little farther 
along, show by their shape and dimensions where they were obtained. 
But since Ramoses. and perhaps even Terentiy, the destruction has 
been even more ruthless. These majestic colonnades have become 
quarries where millstones of all sines have been cut. Everywhere 
one sees tho Imre of wedges which have served to split the granite. 
Many of these millstones, nearly finished, are still there and weigh 
several tons. Wo are obliged to remove these os well as a great 
number of still larger fragments. This is what noticeably retards the 
work of excavation. We have not yet reached the flagstones of tho 
flooring. We shall then judge better of the effect of those great 
monolithic columns and of the architraves which they support. 

In the wall of these colonnades there is a series of recesses or cells, 
6 of which wc have already discovered, and there should be at least 
16. They are not largo, A man cun just stand upright in them, and 
they were closed by doors probably of wood* One can still sec the 
place for the hinges* I firmly believe that these cells are the exact 
duplicates of those described in the Book of the Dead os belonging to 
the celestial d welling of Osiris. Outside of these cells we find nothing 
at all in the colonnades; neither an object nor a hieroglyphic sigia 
This complete absence of ornamentation characterizes ’the monu¬ 
ments of the period of the pyramids, as also docs the style of con¬ 
struction and the enormous materials then employed. 
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The middle nave teimhmtes at the wall at tlis^ end, about 10 niotera 
from the t ample of S6ti. Thl* wall b of red sandstone, and there 
alone nm be seen sculptures of tbts King Monephtnh of ai funereal 
style, They indie Ate a tomb. For example* we find there a repre¬ 
sentation of the two principal amulets that they put nu the body of 
deceased persons. In fact. at. the base of the wall, a little door the 
size of that of the cell* opens. When we had crept through tho door 
we found ourselves Lti a large room of 20 by 5 meters* the ceiling mode 
of heavy blocks. This room, perfectly preserved, m absolutely 
cm ply. In a temple which has served as a quarry for centuries 
nothing can he found. Nevertheless, the texts cut by King Sdii I uu 
one of its skits b what proves that it wm n fmxerid chamber, It 
represents the final scene of n book which is painted or sculp lured in 
the royal tombs, the Book of tile Lower World. The tomb of Osiris 
id. really there. Wits a sarcophagus there, what was it like, did it 
contain the body of the god or only hh head, that is what we shall 
probably never knew. 

We have not yet reached the flooring. It is quite possible that the 
end of the excavation has some surprise in store for us; that wo may 
learn the purpose of this edifice with three naves which so little 
resembles a sanctuary. 

Next winter, tourists visiting Abydos, afLnr having crossed th e 
temple id Sfti, will find themselvt^ Indore the majestic ruins of unu 
of tlue most ancient edifice that the soil of Egypt km preserved for 
us, ami which was absolutely unknown up to these last few days. 
This indicates that this privileged land perhaps stfll contains under 
n thick bed of &und gome great monuments of whose existence no one 
had any idea* This b the second time that the explorations through 
the Egypt Exploration Fund have revealed a stylo of edifice here¬ 
tofore unknown- There is reason to hope that results such ti 3 those 
of this winter will awaken the interest of some friends of antiquity 
in what I will call the* great excarat ion, that which seeks above all 
things to bring to the light of day theme glorious remains of tho past 
and which is not a search for souvenirs destined t<i decorate the show 
coses of museums or of private collections. 

II. THE GREAT POOL OF ABYOOS. 

A short time? jigo, describing tin' excavations of Abydos p I said 
that we hud not reached the flooring and that at the end of this 
work we might find something unexpected. That is just what hm 
happened, W o now know the purpose of chat peculiar edifice con- 
Minu ted of those huge? stones blocks. While ai tho extreme end the 
tomb of Osiris was found, the great subterranean room into which 
wo penetrated on the 13th of February, nevertheless the Cyclopean 
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construction which is in front of that* room U neither a sanctuary 
nor a tomb; it is a great reservoir, or, if you wish to call it so r a pool, 
the wore! being understood m die same sense as when we speak of 
the pool of Bethea da. 

I retail that we found ourselves in a reel angular space of 30 by 20 
meters, inclosed by a wall 6 motors thick, the outer face of the wall 
of limestone and (he inner face of very hard, red sandstone. This 
space is divided into three naves, the two on the aides being narrower 
than the center one. These naves are separated by colonnades made 
of enormous pillars of granite supporting architraves equally massive. 
The two lateral naves had a ceiling, a comer of which k still standing; 
its lor the middle nave, that is more doubtful. 

All around this mrloaure there are parallel cells in which a man can 
stand upright, closed in probably by wooden doors and which are 
without anv ornament. It seamed at first sight quite certain that 
these cells opened on a pavement and that the entire building had a 
flooring* Great was our astonishment when we discovered that in 
front of these cells there was no flooring but only a footpath a little 
more than 50 centimeter* wide which extended all around the edifice, 
passing before the large entrance door, and which run also along the 
side of each nave opposite the doom of these cells. This wall of magni¬ 
ficent masonry continues beneath the pathway and at a depth of 
nearly4 meters we discovered infiltration w ater at the level where it is 
encountered in cultivated land, although we are in the desert„ 

Thus the two large lateral naves and the contiguous extremities of 
the middle one form a great rec tangular basin bordered on two tide* 
by a .'-.June path which might have served os a towpath for hauling 
she boats or tumor- in the basin and which stopped, perhaps, before 
the cells. 

The middle nave was larger and contained no water except, at its ends. 
From each side the atone forming the footpath, which is an enormous 
block, passes between the pillars or supports them and advance* 
almost to the middle of the nave to that which at first sight appeared 
to be a narrow canal, a little more than n meter and a half wide. 
White digging Ln this canal we came to two stairways, turned, one 
toward the front entrance the other toward the funeral chamber of 
Oniris. We had a great thud of trouble excavating in this middle 
nave covered with enormous stones that, we were obliged to remove, 
but it is clear from the arrangement of the place that the entire central 
gallery was an island reached by a wooden bridge or by boat. The 
end of one of these staircases that we have been able to clear §tops 
about a meter above the water* If we were in a normal year instead 
of a year when t3ie water is exceptionally low, the staircase would 
reach the water and, according to the conditions of tho season, tho 
first two or throe sLeps even might bo inundated. 
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-rhrw is no longer any 1 doubt, then, that wo have discovered uhat 
Strabo (■alb the well nr the fountain of Abydos. TTb spoke of it as 
being near (he temple, at n great depth, and remarkable for some 
corridors whose codings were formed of enormous monolithic blocks. 
That is exactly what wo have found. 

These cells were 17 in number, 6 on each of tiro long sides. There 
was one in the middle of the* wall ul- the bflek , in passing through it 
one came m tho rear to the large hall which was the tomb of Osins. 

A careful study of the sculptures confirmed the opinion that this wus 
a funeral hall where the remains of the god were expected to be found- 
]tut this hall did not fonn a part of the original edifice. It must 
have been constructed under ground when S^ti I built the temple 
of the god. The tomb nf Osiris was very near the groat reservoir. 
Nothing revealed its presence; Lhe entrance to it was exactly like that 
to ah tiie other cells, the back of it being walled up after they had 

dug through it. , ., 

The discovery of this subterranean reservoir, constructed of nuge 
building stones, presents many questions, some of which let us hope 
may be .wived bv the completion of these excavations. At present 
we'are checked.' Wo could not get to the bottom of the basin, as it 
La obstructed by a number of largo blocks thrown there at the time 
the edifice was destroyed. There arc some millstone* weighing 
several tons and other fragments just as heavy, Wo must gel to 
the bottom in order to find out where the wall of magnificent masonry 
inclosing Urn water may lead, whether it ends at n flagstone pave- 
meut, and also whence comes the abundant supply of water that we 
see in our excavations. Hydraulic engineers are now studying the 
sheet ul water which extends under Egypt, under the desert as well 
ns under cultivated land. Is it that water that we find in the reser¬ 
voir 1 Or has it a conduit which emanated from no one knows where ? 
Thu word I hat Strabo uses might apply to a spring. 

We have a» yet no certain indications of tho date of the con¬ 
struct ion} but tho style, the size of tho materials, the complete 
absence of all ornament ation, all indicate very great antiquity. Up 
to the present time what is called the temple of the Sphinx at Gizoh 
has always been considered ono of tho most ancient edifices of 
Egypt. It is contemporaneous with tho pyramid of C-hefrcn. Tho 
reservoir of Abydos being of a similar composition, hut of much 
larger materials, is of a still more archaic character, and I would not 
be surprised if this were the most ancient architectural structure in 
Egypt- Tho pyramids are perhaps of the same age, hut a pyramid 
is simply a mass of stone and is not a complicated design like the 
reservoir. 

If we havn here tho most ancient Egyptian structure that has been 
preserved to us, it is curious that it should bo neither a temple nor a 
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tomb, hilt n reservoir, a groat hydraulic work, This shows that the 
ancients welt understood the flow of suhterrancmt waters, the laws 
which control their rise and foil. It is very probable that this reser¬ 
voir played some rfllo in the wo whip of Osiris, The cells are perhaps 
those which appear in the Book of tire Dead? it in possible also that 
the water was believed to have n curative property and that it was 
of service to invalids who came there to seek a euro. Did the barque 
of Osiris sometimes float on this reservoir, towed by the priests who 
followed the footpath 1—for the solar barque such as one sees in the 
tombs of kings was always pulled along by a tow line, stopping at 
some of the doors or chambers. Such are the questions which arise 
and to which we con not yet reply. 

The few travelers who have already seen the reservoir of Abydos 
have been struck with the grandeur and dignity of the edifice, in 
spite of the ruined condition in which it was found. Who would 
have thought a few mont hs ago that at 11> meters underground there 
would appear a structure such ns this, surpiissing in grandeur the 
most colossal Cyclopean edifices? Whnt a strange country tills Egypt 
fel Wo were beginning to believe that we had found all the great 
structures and that nothing more remained to bo discovered. Who 
can say that this region docs not conceal beneath the ground some 
majestic work of the most ancient Egyptians that may bring sur¬ 
prises as astonishing as those of Abydos X 



AN EXAMINATION OF CHINESE BRONZES, 

KU T UNG CH I K‘AO. 


By John C. FzacmsoK, 


[WiUi 1 -i platen.] 

PEELIMINARY NOTE- 

It is important that, in nil branches of Chinese art, the rest of tlio 
world should understand the Chinese point of view. ’Without a 
careful survey of flic historical development of the country it Ls 
impossible to enter into the intricacies .of their art interpretation, 
but general principles turn be learned by persons udEandlkr.wilh l he 
language of Chiba if these are translated into our own Language. 
There is a greater lack of accurale information concerning bronzy 
than in any other held of Chinese art, and this is not for the reason 
that Chinese literature k not rich in books on this subject. The 
purpose of this article is to bring to the attention of the western 
world u succinc t authoritative statement of the principles recognized 
by Chinese connoisseurs in the examination of Chinese bronzes. The 
original text is written in short, nervous sentonees*which 1 have 
frequently joined together to make the meaning clearer. The article 
demands careful study for a dear ctunprehension of its meaning. 

AUTHORSHIP AND TENT. 

The folloog account was written in 1767 by Liang T*ung-shuj 
the son of Liang Shih-rh£ug. a noted official of the reign of Oliicn 
Lung, who was an eminent authority in Alch&ulogkai research, 
especially in connection with the? places around the West Lake 
Hangchow. The sou was employed in the palace as an expert* 
This account was in manuscript and was only published in 1913 by 
the Shell Cho Kuo Kuan She, Shanghai, in its encyclopedia of line 
arts—Mr i Shu Ts'ufig Shu, So little has been writ ten oil t hk subject 
that the following translation may be of some value to the increasing 
number of student* of thb interest big branch of ancient art. 

Traxsijitiox or Text* 

INTRODUCTION. 

What- arc now called antiques nro the gold and silver inlaid bronzes 
of tho Shang dynasty 1 and the ting, tsun and i of lung W§u. which 
were also of ancient worioiionship, and therefore correctlv du^illfld 


.1 Early rbJiifMdptltkai Oib, Jl- C. BlS-ITHfc KhadC, ITd^-Jiaa- ita, imtfmlki* Ulh* 

Jj-n.L4Jk« bu>u n m Uw So* T4J; Hun, B. a 200 b* A. D r m* 
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Ea belonging to the Shmig and Chew periods. The men of Jj 10 ?“ 
d^trfond of the craftsman's art, as is shown by the jade 
JKSmEI period, which are of rare workmanship. It was near 
vn the period of antiquity, and the models of the three dynastiw 
^uld be readily utilized. The articles produced wore named after 
the period of their pattern, and are not nece^ardv to be considero 
T£SL products of life Shang and Chow dyimbos. There™ 
idsn article/which have been fraudulently said to have come f J*™ 
ancient tombs, such as the instance of the Hunan amulets; but \ 
facts are well known to connoisseurs. Articles used m the I 
period, like the Podium censers, having no distuiet coloring cd . ' 

Z green are not classed ns ancient, hut as belonging tn the lbm 
dynasty; but it must be remembered that the output [ ’ f ll ™ r , ■ 
“SXi duTllls the three dynasties was very great and that the} 
airing th. um. TteiifOM few «A!» ™. 
hi buried, and even in the case of th«* which were buned the 
blue and green color must be very much like t hat of Llie articles of 
the thre/dvnnsties, for the difference in age is not great. Even 
jades w hieh are now found with bloodlike marks come from thc Han 
period, and how could it be possible that bronzes could be buned 
without undergoing it change of color! 

» TEE COLOB OF ANCIENT BBONZES. 

Ancient vessels which have been much exposed to the air become 
blue, while those much exposed to water become green, men 
BXtwscd both to air and water, the colors blue and green are both 
orfaiuecd. The tombs of the ancient kings and emperors 
solidly built, BO that water could not- penetrate them. 1 hose vcsscU 
lhat were placed on stone pedestals were in the air u; long as the 
wdestill remained intact. Thus, being long subject to the mSuencc 
,f the surrounding air, the eolnr became very pure, and, further¬ 
more, there being no contact with the earth, the 
(kingfisher) blue. This » the best variety. Inferior to this are 
rcsseh found in the burial mounds of the ministers of state, where 
they were subject to the influences of the soil and water, and thus 
were colored both blue and green. The pure green ones were prtv 
duced where they by in water without being covered with the soil. 

THE HtFFEa^HCES OF APPEARANCE PfiODOTS &Y BURIAL IN EARTH 

plE WATER ANP BY EXPOSURE TO THE AIR. 

Bronze buried in tho earth for a thousand years become 

pixrei blue, like that of tho kingfisher. The color before noon is pale T 
but after noon takes on the appearance of cloudy and tho kingfisher 
bine seoiTiA as if it would liquefy into drops* There are also places 
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where the earth has oaten into the meml, either making a hole or 
ft fining scales and giving the appearance of snail tracks. An ap¬ 
pearance of being the mark of a stroke of it hammer is unreal. 

Bronze vessels subject to the influences of water for a thousand 
years become pure green, as the rind of a melon (lam-pi), and glossy 
like jade. If subjected to such influences for a shorter time, al¬ 
though they may be bluish green, yet they are not bright. Corroded 
places are similar to those mentioned in the preceding paragraph. 

It is the present custom to call ”ancient” light-weighted specimens 
of either of the above classes. Tbs is done in ignorance of the fact 
tlrnt Lugo vessels ure necessarily thick, and that only a third of such 
vessels are corroded even during a long period of time. The weight 
of these vessels in which the bronze has only been partially corroded 
is onlv reduced by a third or a half. In the ease of light, thin ves¬ 
sels, where the influences of earth or water have easily penetrated 
the entire body of the bronze, the color of bronze can not be seen 
when fractures have been made by the strokes of hoes. It is all 
bins or green, or there is an occasional streak of red, like red lead. 
However, the resonance of the metal is nut lost. 

Such ajxteunens as have not been covered with earth or water 
and have been preserved to the present tune have a dark brown 
color with red scales. These scales stand out like good Cheu-ohow 
sand. If immersed in hot water for a good length of time, the 
pat mu of these scales becomes more brilliant. Such specimens ure 
of the highest value. Spurious specimens con be detected, ns their 
color is only superficial. 

None of the throe classes mentioned above have any rank odor, 
with the exception of those recently exhumed from old soil, which 
retain a strong smell id earth for a short period. Spurious specimens, 
when rubbed briskly with the palm of the'hand, have a distinct- 
disagreeable smell, 

COLOR AND PATTERN. 

Specimens of a dark reddish or black lacquer color that have been 
buried in the soil or in water for a short time may become superfi¬ 
cially beautiful, hut the beauty is not deep and they are never glossy. 
Such specimens are of secondary value, 1 have nut iced that Han 
dvnflsty seals and coins which are fifteen hundred or sixteen hundred 
years old arc rarely glossy even when they ore quite green; neither 
do they have red scales raised upon them. Ancient specimens of 
bronze in which the patina has penetrated deeply are glossy like 
jade and have red scales, thus showing that they belong to the three 
dynasties (Hsk. Sbong, Chow). To determine their age, attention 
must be paid to the gloss of specimens and then to their pattern. 


5fl0 ANNUAL REPORT 8MHTIS0NTAN INSTITUTION, 1014, 
DETERMINATION oF I A.srR I FT IONS. 

Inscriptions are of two different kinds, k'wm and dbL What b 
called churn (seal characters, ornamental writing) is for the com¬ 
memoration of merit. This writing is on bells and tripods* E’uan 
is irii intaglio, and suck writing during the three dynasties wm con¬ 
sidered stylish, The characters were sunk into the metal. From 
the time of the Ban dynasty, tin? chi in relief aits used, with occaaiomil 
use, also, of sunken characters incised by the use of tools in the same 
manner ns if cm stone tablets. Sunken eld were difficult to cast, hut 
relief ehi were easy, and thus it can la? easily detected that they did 
not long belong to the period of the three dynasties. The k'uan of 
ancient vessels were on the inside and sunken* The chi were on the 
outside and were in relief. Vessels of the Hsu find Chow dynasties 
had either chi or k r uan, while those of ihe Bhang dyrnaty usually had 
chi, but no k fc uam The ancients showed great care in their work. 
Artisans were classed by them us among the four estates of the people, 
and were not looked down upon as in liter degenerate days. 

In casting vessels the undents used wax for their models or patterns, 
and the lines were thin, like hairs—even, regular, and distinct. The 
characters of chi were rounding like the surface of inverted lilea* 
They were not deep or bold, and both large and ftiiull eharanters 3md 
the same depth. They were clear and distinct, without any blurs. 
Such castings of carefully chosen bronze were excellent. They hud 
three characteristics: First, they had no marks of sand granules; 
second, the workmanship was wonderful, and third, there was no 
sparing of labor* They were not made overnight. If ancient ves 
seis are now found with the k’rnm and chi blurred and distorted and 
cri&t in an irregular mold p these are the work of amateurs or imitators* 
The quality of the metal, its color and odor, are not the same m of 
good VCSSOfc. 

EXAMINATION AS TO AGE NOT SOLELY DEPENDENT UPON KTTAN 

AND CHL 

The ancients used sacrificial vessels, such as bulla and tripods, for 
the prahe of meritorious and worthy deeds, and hence made inscrip¬ 
tions on them. Inscriptions were put on platters and bowls when 
they were used in preparation for sacrifices, but when used for 
domestic purpose^ inscriptions were often lacking, and such fact can 
not be used an a proof of their being counterfeits* In such coses the 
style of the inscription, the quality, color, and odor of i.ho metal must 
decide. 

VESSELS OF THE THREE DYNASTIES. 

The Ham dyuoaty was noted for reliability, the Bhang for quality* 
and the Chow for display; and the bronze vessels of these dynasties 
have the same respective differences. Vesseb of the Shsog "dynasty 
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fire plain and without adornment p those of the Chow dynasty at? 
finely engraved, while those of the Us in arc different from either of 
these. I have often seen vessels of the Ilsin dynasty on which gold 
was inlaid thin as hairs. In i cmrse of time the gold fell out, leaving 
sntLken p lucre, so that the ornamentation become depressions* Such 
inlaying Is now often wrongjy attributed to tlie Bhang dynasty hy 
those whose knowledge is limited. They should remember the 
poetical quotation— 

Eiii^riived an it ■ehijcl-eil aitt thq enuuntnu, 

Of ILmtai and of jcuffl is ihftir 

—-Sliih Xing m, 1 , 4 t 5 t 

and thus know that these were of the three dynasties period* 

NEW B&aRZE VESSELS. 

New bronze Ttaeb refers to t hose cast during the T’ang, Sung, 
ntifl Yuan dynasties. From the time of the Emperor Yuan Puo 
<742-75€i) of the T'tmg dynasty, down through the Sung dynasties, 
sueh vessels ware made at Ku-yung. ifany were also made at T'ui 
Chow, but. these were chiefly of the small iui-wen pattern. During 
the Yuan dynasty, ChiangLang-tzu, of Hangchow, and Lu Wnng-chi, 
of Ping Ciiiang, were noted artisans, hut the figure on their work 
were without delicacy. However, Chiang was a better workman 
limn Lu. 

AtETIlim OF DETERMJNIXG'AXCIEXT BROSHE VESSELS ADOPTED BY 
THE HOUSEHOLD DEFABTUENT OF THE CUING DYNASTY. 

Vessels of the Shang dynasty were unadorned, those of the Chow 
dynasty were richly engraved with fine fines, while those of the 
Ilsia dynasty were inlaid with gold which had the appearance of fine 
hairs. These fundamental facts can not be overlooked. 

The inscriptions on rinmg, ting, tsun, and i during the Ilsia, Shang, 
and early part of the Chow dynasty had only 1 or 2 characters, and 
at the most 20 or 30. Long inscriptions of two or three hundred 
characters belong to the later part of the Chow dynasty or lo the 
early Ta’in. There were also genuine vessels of the thrra dynasties 
which bore no inscription, for the reason that they were the property 
of families which had no special merit to bo commemorated. Such 
vessels can not be discarded ua spurious. Tbc characters used in 
inscriptions of the Ilsia dynasty were niao chi (bird trucks), those of 
Sluing were ch'ung-yfi (insects ami fish), while these of Chow were 
ch'ung-vu and the large "seal.” Ts m dynasty used the large and 
email "seal” characters, but from the Han dynasty onward small sea] 
characters were used. The three dynasties used sunken inscriptions, 
while the Ts'in and Han used inscriptions in relief, and occasionally 
sunken ones, which wore incised with tools in the same manner us 
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stone tablets, for the reason that this was easier than casthtg inscrip¬ 
tions m intaglio. 

Ts’uo Chung-ming sajs that bronze vessels buried in the earth for 
a thousand years became pure blue like the kingfisher, while those 
subject to the influence of water for a thousand years became clear 
greou as the rind of a melon. My opinion is that where the soil Is 
warm and moist vessels became blue ami where the water is brackish 
they became green. It is also said that before a thousand yearn ves¬ 
sels mav become blue or green, but net glossy; but I fear that this is 
not true.- How can it be that vessels of a thousand years of ago which 
are glossy, but on which the blue and green eoiots arc not pure, are not 
properly classed as belonging to the three dynasties? Kao Sben-fu 
considered that whore the metal was comparatively pure and without 
much alloy the vessels became blue, and that when lhe alloy was in 
largi-r proportion they became green. Bui the ancicuta were not 
niggardly in their expenditures, and how can it bo thought that they 
preferred alloyed metals? Buck statements are those of a blind man 
at, lt theater, and should be discounted. There are those also who 
maintain that vessels of a <1 ark-brown color have not been preserved 
in open places, but have come from graves on hillsides or stone vaults 
where there is no dampness to cause lhe decaying corpses to influence 
the color of the metal, and this opinion is probably con-ect. 

The sound given out by ancient bronzes is clear, while that of 
modem pieces is confused and nuisy. Ancient bronzes have no rank 
odor, except those which have been receJitly taken from the soil and 
still retain its smell. Other hinds are spurious. If rubbed briskly 
with the palm of t he hand, a rank odor is given off. 

The ancients were not sparing of labor like the artisans of later 
degenerate times. For this reason the k'uiui and chi of ancient 
bronzes were fine like hairs and were even, regular, and distinct 
without a trace of being blurred, The characters of the chi were 
roundiug like tlie surface of inverted tiles and ware uniform bi depth, 
both when written large or small. The specimens preserved by me 
ftU have these characteristics, but I have seen those preserved by 
others which are different. If the inscriptions are aomcwhaL blurred, 
such specimens are spurious, and the quality and color of the metal 
would also lie incorrect. 

Tile brat color of ancient bronzes, according to some persons, is 
dark brown, and in my opinion the worst is a leaden color. Those 
which have red scales are better than the lead-colored ones, hut the 
dark-brown color is still better. The dark-brown color is not so good 
os the green, nor the green as tho blue, nor the blue os those which are 
iridescent (mercurial), or the iridescent as the black lacquered ones, 
which, however, have the fault of being easy to counterfeit. Such 
counterfeits con be readily detected. 
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THE ROLE OF DEPOPULATION, DEFORESTATION, AND 
MALARIA TX THE DECADENCE OF CERTAIN NATIONS , 1 


By Dr* Fkluc Rcusault. 


Tho persistent decadence of certain peoples is at present attrib¬ 
uted to depopulation, deforestation, and malaria. How can these so 
widely divergent factors bo brought into interrelation? To under¬ 
stand ii r geology, sylviculture, and medicine musL be interrogated. 

In the period of her greatness Greece was a fertile, well wooded, 
healthful, and very populous country, eatinmtod by las tori a ns to 
luive hud at least K,t)O 0 ,U 0 U inhabitants. 

Two centuries Inter, at the time of the Roman conquest, the 
mightiest dries of Graeco and tho most important leagues could 
place only a few thousand soldiers in tho field, and entire Hollas, 
according to Plutarch, could equip not ninro limn 3,000 fully armed 
troops. The country became poor, Polybius estimates tho taxable 
capital of tho Peloponnesus at less ill an 6,1100 talents (*7,080,000), 
tho lauded mid movable property of Athens at 5,750 Interns ($6,371,- 
000 ), being half of the reserve funds of Pericles. 

Historians ascribe tho depopulatinn of Hollas to a continuously 
increasing emigre t ion of adult inhabitants. Since the fourth century 
B- C. they wont forth in throngs to foreign regions as mercenaries; 
the conquests of Alexander tho Great precipitated this exodus and 
dispersed Greece over tho surface of Asia, 

Low birth rule probably also played an important part, but we 
are poorly informed on this subject, Tho classical instance of the 
Spartans who, at tho tinio of the Roman conquest, counted oidy a 
few hundreds, is not enough, for hero is involved ouly tho question of 
the aristocratic custo, and we do not know whether tho pit hs Jjad 
diminished . 1 

Emigration and low birth rate prevailed only for 11 time. If 
Greece had conserved its fertile soil, immigration or a higher birth 
rale would have sprung up at 11 given moment and filled up the ranks. 
Depopulation persisted because tho bind was impoverished by becom¬ 
ing deforested and unhealthy. Strabo observes that in his time 
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nearly all the mountains soon from tho coast were denuded, while at 
the same time the valleys and plains were ravaged by malaria., as 
Mr. Rose has recently demonstrated. 1 

Deforestation wns a result of tho depopulation of the coumbyridra* 
In fact, the cultivation of the soil, which the lack of laborers ren¬ 
dered impossible* was replaced by exploiting the elerra lions, since a 
few men could superintend immense herds and drive them every 
summer Into the mounttdns, while the dried-up plain could not support 
them. The pasturage would not have entailed waste if It hud been 
rationally regulated. But the ignorant md avaricious proprietors 
overburdened the pictures; the too numerous cattle devoured the 
herbs down to the roots, trampling and dost roying them. With each 
year the pastures grew more impoverish<*4. To feed a herd which 
was always so numerous, it was driven into the woods, where the 
cattle browsed on the young roots, the seedlings—all She future 
Lrecs. In tho long run the old trees perished; occasionally the cat¬ 
tlemen hastened their end by setting them on lire. Then desolation 
began. The water* no longer held in place by the trees and turf, 
rushed tearing down tho slopes, currying uwuv the entire vegetal 
soil' it Was tho death of tho mountains. 

With deforestation, malaria developed. Mr, Rose claimed that the 
Anophole mosquito bud been imported into Greece from a foreign 
lftnd s probably from Egypt. M. Cu wadi us* has demonstrated that 
swamp fever had always raged in Hellas. At first its area was 
limited, but deforestation favored its extension. This, in fact, ren¬ 
ders the run of rivers unequal, Tn summer* whm there is no flow, 
the river beds still in places contain pools favorable to the brin'ding 
of mosquitoes. It is in this way that the plain of Argps, onco hold thy 
and fertile* is ravaged by malaria. On the other hand,silt is deposited 
at the mouths of tho streams, forming vast marshy plains, whom tho 
Axiophelo develops. 

The condition of tho lakes was nltoraL The detritus carried bv 
the water over the deforested slopes choked the outlets of the lakes 
and kept the water on a nearly constant levt-l Besides, there arc 
long Intervals between tho high-water and low-water levels*, and 
during tho latter period tho marshy banka become favorite nests of 
the Anopheles. 

Finally, as another consequence of deforestation, new lakes are 
formed by the movement of subterranean waters and the breaking 
up or subsidence of the soil, which are subject to the samo conditions 
and thus produce malaria. 

At present Greece has a high birth rate, but since she can not sup¬ 
port all her children, they emigrate in large numbers, for tho old 
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devastations persist, rind innumerable herds perpetuate the work of 
■lestruel ion. During even’ su mm er malaria rages. Only the Ionian 
Mantis, which hnvu always remained wooded, rich, and densely' 
populated, can convey an idea of what undent Graeco once wwa » 

Next to the decadence of Greece may he considered that of Italy. 
Among the manifold causes which brought about [ho fall of tho 
Homan. Empire may bo pointed one of tint same order us that which 
prevailed in ancient Greece. After tho Roman conquests the allure¬ 
ments of tho city of Romo attracted to it ilie rural population , 1 and 
the depopulated lands were acquired by the patricians. Large estates 
or "latifundia” were thus formed, and the iniquitous rftle which they 
played is related by ancient writers, without being explained. Hero, 
os in Greece, the scarcity of laborers gave rise to pastoral industry; 
the herds were a ‘‘husbandry of which Jupiter defrayed all the ex- 
ponses 1 '; the meat sold well. Then, the " catiiculi'’ system of drains, 
which had ken established by tlie first cultivators in the flat clayey 
plains of Latium, were neglected and became obstructed. Their very 
existence was so far forgotten that tit. Latin work mentions them. 
Swamps formed, and at the dose of (he iirsl century B. C. the popu¬ 
lation of these regions was decimated by malaria. 

It was not, as has been claimed, in consequence of wars that these 
lands were impoverished and ravaged with the plague. Enemies 
might ruin the crops, tho farms; but they would not engage in tnartv’ 
Jong months of labor needed to destroy a work of such magnitude as 
the "caniculi.” After peace the peasants would resumo their agri- 
cult urid purauits. They would not abandon fertile lands, unless their 
mentality was changed. Instances of the courageous persistence of 
the peasant when he is attached to the laud are numerous in history. 
Thus, af ter the conquest of Algiers, the plains of Metidja, which were 
occupied by the Arabian herders, were dotted with stagnant pools 
and ravaged by malaria ; the French peasants who set out to cultivate 
the land were all attacked with fever and many of them died; others 
continued the work, and after a time tho crops absorbed the waters 
and that country is now healthy and prosperous, ft was therefore 
not the infertility and insalubrity which drove the Roman peasants 
from these lands, but, on the contrary, the proa an is, having lost their 
attachment to the land, left the country and the lands became sterile 
and unheal ihlul, 

Italy is at present overpopulated, for the families are large, and 
the fertile plains of Campania, Apulia, and Tuscany, which in Roman 
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times had I jcen {riven over to thr shepherd a. are reconquered by the 
cultivators. But tho regions which had been attacked hy malaria 
remain insalubrious and half deserted 7 they constitute large domains 
upon which, as in times or the Cfes&rs, the pastoral industry is shll 

practiced* _ + 

Among \h® numemns? factor* causing the decadence of Spain, nm 
of the most important was its depopulation by emigration and its 
low birth rate. One can imagine what must have been the allure¬ 
ment of the New World for the men of the sixteenth century forests 
of precious woods, diamond mines, rivers with rolling gold sand 1 
Thus the young people embarked in crowds, and most of them never 
returned. 

In Europe itself tho possessions of Spain extended from Sicily to 
ilia Baltin. To hold peoples so different from herself under her 
domination she needed men, and Spain then sent forth the most 
vigorous of her children as soldiers. Of those who remained in the 
country a large number entered the various religious orders. Those 
who married, and upon whom fed ah tho burdens of home affaire, 
res trie led their offspring, so that the voids could not ho tilled out. 
Even the cities became depopulated, notwithstanding the influx of 
more than half a million strangers. In the seventeenth century the 
decadence was complete. The ruin of the laud inode it- definitive. 

As in Greece, as in Italy, bo in Spain the depopulation of the coun¬ 
trysides favored pastoral pursuits. The great landowners, the mus¬ 
ters of Castilla, drew large revenues from tho roaring of the merino 
sheep, whose wool yielded an annual return of 10 francs per head. 
Their powerful corporation, the “ Monte,” obtained exorbitant privi¬ 
leges front the Government: tho flocks, which herded in summer on 
the plateaus. in winter on the lower levels, everywhere had the right 
uf wav and of watering: fences were forbidden, and the flocks de r 
vourod tho crops, vines, olive trees, and other verdure. Castilla be¬ 
came deforested, then denuded, and the rivers were turned into tor¬ 
rents. There was total ruin, and famine permanently reigned, 
“Thu lark had to import its grain " when passing through this land 
of hunger and thirat. Andalusia and Aragon, countries of large prop¬ 
erties, suffered frem the same evils. On tho other hand, the north¬ 
ern Province*, subject 10 the regime of small properties, preserved 
some prosperity, thus establishing a striking countcrproof. 1 

In Spain, as in Greece and Italy, the development of the heights 
resulted in deforestation ami mined the soil, but in Castilla, which 
is a high plateau whose dim ale is unfavorable to tho reproduction of 
the Anophcte mosquito, malaria could not settle] it raged only in 
certain low atid humid districts of Andalusia, 
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The Kingdom of Spain at present presents the samo aspect, lis 
wkpiial rises in the. midst of vast solitudes. Some largo proprietors 
share in the deserts of Costilla and [lie plains of Andalusia, which 
continue 1 to bo ravaged hy their docks of sheep and goats. 

Devastating wars, unjust laws, low morale, depopulation following 
upon a low birth rate or intense emigration—all these factors, which 
are often idled by historians to explain decadence, are but passing 
causes. Ah long as the richness of the soil ia not destroyed prosperity 
can rapidly return, and the instances of these fluctuations in the great¬ 
ness of peoples are nut rare in history. 

But reforestation, restoration of vegetal earth on a denuded suil, 
turning torrents into peaceful watercourses, the drainage and sani¬ 
tation of the swamps—these are works which require centuries of 
constant and devoted labor, the sacrifice of numerous generations. 
Thus l jrecce, Italy, and Spain continual]}- suffer from those evils which 
a single improvident generation could cause, but which are so diilicult 
to combat. 

At present wo are better equipped against those evils. In the first 
place, wo have grasped their seriousness, which formerly was not 
understood. Governments devote Jorge sums to reforestation, and 
patriotic associations lease ihe pastures and conserve them by limit¬ 
ing it,.- number of cattle. In this way Sologne uni! the Landes fin 
France), where in the eighteenth century no tree rose from the ground, 
were reforested; in Sulogno the sylviculturirt preserved the seedlings 
from the voraciousness of the hares by means of wire fences; in 
Landes they built up the soil, ho that tho water which rotted the 
grains would run off. 

Malaria is fought by the administration of quinine, hy pouring 
petroleum on the swamps, by barricading doors and windows with 
wire screens, hy the multiplication of dytiscid insects, fishes, birds, 
ant! bats, nil of which arc great destroyers of the mosquito. 

Finally, the depopulation which prevails not only in France but in 
all western Europe no longer results in turning agricultural lands into 
pastures, thanks to the agricultural implements, which lessen the 
number of laborers, and to the railways, which rapidly transport the 
workingmen in harvest time, 

'1 his is not to say that depopulation, when pushed to an extreme, 
ia not evil. Thus in certain districts in France with a low birth rate 
fertile fields are neglected, and the mediocre lands, whoso yield would 
not compensate for (he expense involved for labor and in bringing 
harvesting machines from a distance, are abandoned. But it is cer¬ 
tain that the means at present at our disposal make it possible for a 
country to pass through a crisis of depopulation without quickly 
becoming, as was formerly the ease, the victim of complete ruin. 



THE STORY OF TIIE CHINA 


By Lons RomwsoK, M. P . * 1 


[Widi 12 plfttfM.] 

The human lower jawbone differs in u very essential manner from 
threie fount! among the rest of the primates—and all other verte¬ 
brates—in haying its lower anterior border bent downward and for¬ 
ward so as to form a chin. Recent discoveries of the remains of early 
men, such m the Heidelberg and Piltdawn jaw& p have informal ns that 
this iltsiinclive shape of the inferior maxilla bos increased in a marked 
degree since the lower stages of man*a existence, (See figs. 77-81.) 

I propose to discuss in the present article some of the causes which 
appear to be responsible for this curious deviation from type. That 
these causes were evolution ary factoid of eon^derabJe potency 
becomes fairly evident when we examine further into the facta. 
The general type of the mandible among terrestrial veitebrates has 
been curiously uniform from the very earliest times, as may he ?ecn 
in the illustrations of mesozoic and eocene jaws. (See fig??. 1-3.) It 
as, wo may any, fixed or stereotyped to a remarkable degree. This 
makes the search for evolutionary forces which have so changed it In 
our own specie all the more interesting. 

There are certain apparent chins found among other vertebrates, a 
few typical instances of which, with their probable evolutionary causes 
it may he interesting to discuss briefly. 

Tim elephant (see %, 8) has a kind of ehin, and among older writers 
in Um preevohitiouary days this fact wos adduced as showing its 
superiority to other quadrupeds. But we now know that the do- 
phant's chin is a mere degenerate remnant of the long lower jaw of 
his ancestors, the tetrubelodon (sec fig. fi i and the mastodon (see 
%■ 7). In the illustrations to winch reference is made the process 
of its downward evolution b plainly shown. 

Another interfiling example is found In the dugong and its rela¬ 
tions* (See figs. TiU-61.) Here a I it tie search into paleontology shows 
that this apparent chin b not- like the elephant's, a relic of decayed 
functions, but that it has, like time, of man, increased and improved 
with the ages. As seen in the illustrations, the dugung's collateral 
ancestor, the holithcrium, and its big extinct relative, known as Stab 
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lcr ? s spa w (Rhijhnti limi J 'cliins oktfp but in a less marked 

form. As 11 matter of fact the downward prolongation of tJin mandible 
in these auiraub is not a chin comparable with our own at all* but 
b merely u kind of bony rostrum cm which the dugong ami its relations 
wear their horny fake teeth. This structure, with its curious change 
of angte ? is more comparable to the bony support of the flamingo & bill 
than to a human chin,. A very curious fact b that we appear to find 
the neamt resemblance in the whole animal world, whether uiieient 
or modern, to our own mandible in a group of some of the earliest rep¬ 
tiles that bare yet been discovered. In the figures 4 and h of those 
strange there morphs, Pariasaurus and luostronsevin, unearthed by 
Prof. Amaliuky in the Permian strata on the shores of the northern 
Dwimi, we see an extraordinary chin which resembles our own in 
several striking anatomical particulars. 

How such a Rwmblnnre corner to exist I do not even venture U> 
gUEiss; but most assuredly nature a molding forces, which so shaped 
the mandibles of these ancient reptiles, were totally different from 
those cerebral activities largely responsible for the cbm of civilized 
iiian. We say so more confidently because casts of their skull cavities 
show that they had no brains to speak of, the whole cerebral chamber 
being of about the same caliber as the tunnel for the spinal marrow. 

When the writer discussed this subject before the British Associa¬ 
tion at Bimkiugham T and there suggested 11 sat the needs of the mech¬ 
anism for articulate speech would probably account for the essential 
changes in man 's lower jaw r it was pointed oui by Prof. Elliot Smith 
that man’s fata ihiTers from those of his nearest congeners m many 
other particulars quite as remarkable as these, I hope some day to 
show that most of these other changes have been profoundly influ¬ 
enced* if not actually cmised* by structural necessities demanded by 
articulate speech. To attempt to do so now would take me beyond 
the aoopo of the present subject, and I shall therefore confine mr 
attention merely to the changes that have taken place in the mandible. 

In the many endeavors that have been made to explain the why and 
wherefore of the chin, the argument os to its being due to sexual selec¬ 
tion deserves most notice. It has been rightly said that the dtrin b 
essential to the beauty of the human countenance, and therefore in a 
choice of mates, those deficient in this direction would be losers in 
life a race. Arguments from esthetics are very difficult to handle, 
because of the cxtreordmaiy differences in the standards of beauty, 
nut only among different species of the lower anLnmb, but among dif¬ 
ferent Heady related races of men. Who cun doubt that among the 
anthropoid apes there k a typo uf apish beauty (including the rctreat- 
uig lower jaw) which sulk ties the most critical and exacting simian 
taste in choosing a nmtel Wo Med nut do more than allude to the 
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peculiar esthetic standards obviously existing a little lower down the 
scale among the baboons, drills, and mandrils. 

A chin is now unquestionably a sino qua non of human beauty. 
But how did it become so 1 When did the simian ideal cease to flutter 
the hearts of otir primitive ancestors 1 

Do wo not hud that almost all the adorable features which have this 
disturbing and fateful influence nowadays are based upon and arc the 
sign of some intrinsic quality contributing to racial efficiency which 
lies behind mere appearance f The lower races are continually, to the 
great embarrassment of sundry colonial governments, desirous of 
mating with a superior race differing from them in physique and in 
color. There can bo no question that if the colonists hi such cases 
were not the superior race tlda evidence of the working of sexual 
selection would not appear. It would seem, therefore, that the primi¬ 
tive man who was manly and, amongst other manly; attributes, had a 
chin, scored all along the evolutionary line in mating contests over 
the primitive man who was apelike. The individual or the race which 
docs not recognize the upward stream of tendency in such portion Jura 
by instinct alone con not bo found upon the surface of this planet. 

One argument against the sulfidcncv of sexual selection in produc¬ 
ing a chin is the well-known fact that man in the early stages of his 
existence muffled up his lower jaw with a beard, which is almost 
wit bout doubt of purely ornamental value. Hence it would seem that 
the chin per gens a sexual ornament was a failure. Women, it is 
true, have not adopted this form of hirsute decoration - but I doubt if 
this goes far in helping the esthetic argument, since, according to the 
ideals generally current, a big jaw and formldwole chin aro nowhere 
considered an excellent thing in woman. I think we shall find that 
before esthetics camo greatly into play more prosaic evolutionary 
forces had already exerted pressure upon the lower jawbone and hall 
begun to mold it into the general shape in which we find it now. 

A glance at the drawing of the mandible of a chimpanzee (see fig. 
62) with the roots of the teeth exposed shows the real status of the 
chin in the anthropoids. It is miiiidy formed by two thick bony but¬ 
tresses supporting the sockets of the lower canine teeth. This appar¬ 
ently was tho real physical beginning of the bony chin, or rather wan, 
as it were, the gross concrete foundation upon which evolutionary 
forces of another kind have based the modern structure. 

It is a most remarkable and suggestive fact that ufter man (or the 
inf ram an) had lost his huge lower canines this abundance of bony 
tissue in the lower edge of the mandible did not disappear, but 
became more marked ns an Anatomical feature. (Sco fig, Hi.) 
Fro in analogy with the elephant, such a degeneration should have 
taken place at once. That this did uot happen is a proof that the 
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part more than justified its conLbmed existence by performing some 
function of vital importance to the species. 

Sir E. Kay Lankesterp in one of his delightful scientific causeries* 
has pointed out that num T e chin consists of some thing more than a 
bony prominence on the jaw. There is a distinct fleshy pad upon its 
outer surface, which matriaUy influences its outline and which con¬ 
sists of fatty tissue bound up in little cushion!ike compartments 
almost exactly com parable to the pads on our fingers and toes. 
Although the esthetic and sex influences may be apparent Isere 
rather more than in the bony mandible itself—for who can gainsay 
the charm of a softly rounded chin t -the probable origin of this 
cushioning covering is to be found in the fact that the protruding 
chin needed a pad for exactly the same reason as do a cricketer's 
siiins. It was into a world fid! of brutal tumult and hard knocks that 
the nascent chin first made its appearance. In the prize ring to-day 
it is n well-known fact that a blow on the chin is the most rapid way 
of pul ting your opponent hors de combat; and, moreover, it has 
become apparent that the nearer the exponent of “the noble art ,T k 
in structure to a chimpanzee or gorilla the better chance will he have 
of wearing the glorious “champion belt of sdl the world.” If we look 
at the bony structure of the chin in some of the prehistoric jaws we 
find it of astonishing strength* being stout find buttressed as if to 
stand terrific violence. This is remarkably shown in Emil SalerikVs 
admirable monograph on primitive jaws, published by Kreidelj of 
Wiesbaden, in 1903. Prom the above facts it seems reasonable to 
infer that man acquired such advantages as vl chin can give at his 
peril; anti here again it is suggested that some evolution ary need of 
exceptional potency molded man’s jawbone into its modern shape. 

It is when we turn a human mandible round and look at it from 
the Inside und observe the surface beneath the central incisor teeth 
that we begin to get kirns as to the actual functions of the chin and 
the causes which have led to our deviation from ancesLrid type. 
About halfway between the rim of the central tooth sockets and the 
lower edge there or® to be found in practically all European and in 
usir^t Other jawbones two bony prominences known as the genial 
tubercles. (See lig* IS.j Tlclow them are two somewhat similar 
pnnninencia* gcDerally much smaller (which often appear as faint 
convergent ridgea), which are also known to anatomists m genial 
tubercle??; but these, I think* w t c need not consider of any importance 
in the present argument* They are to be found not only in the 
lowest sa\iiges and in prehistoric men but also in a large number of 
the apes mid other vertebrates; indeed, I have detected apparent 
traces of them in tht^c strange Permian reptiles of incalculable 
antiquity to which allusion was made above. They are the points 


story of the curs— iujbinhox. 


603 

of Attachment for a Jitth- muscle wliicli appears to be equally deveh 
oped iti mini and in many of die lower creatures. It is known as the 
gemo-hyoideua and has no connection with the tongue. 

A close examination of the larger bony prominences, or the genial 
tubercles proper, reveals some very tot crest uig and remarkable facts, 
especially when we employ comparative methods. To these are 
attached the tendon of the fftidikc gonio-glossua muscle which spreads 
out beneath the whole lower surface of the eentnd region of the 
tongue and penetrates through the intrinsic muades almost to the 
upper surface, {See figs. 64, 65.) Now if we examine anv of the 
current books on anatomy, little or no suggestion is found that the 
functions of the genio-glossus muscle have to do wuh articulate 
speech. Lot us leave the mandible f f , r a while and confine our atteu- 
tion to the structure and functions of this muscle, mid I think it will 
soon become evident that it has mom to do with the oral (as distinct 
from the laryngeal) machinery of articulate speech than auv other 
structure. 

In the diagrams (see figs. 06-71), which show the under surface of 
™ tongue of mini and other creatures more ur less related to him it 
IS seen how remarkably tins muscle has become developed since we 
became human. The functions accorded to it in our standard worka 
of anatomy would apply to tlu- needs of the dog and the pig eouaUj 
to those of man; yet we siee that in these animals it b a mere feeble 
slip of Uesk which can exercise but little influence. 

I llavo dissected it in a good many apes, among which animals it 
evidently had somewhat important duties quite apart from vocal pro¬ 
duction; in fact, f doubt whether in any other creature except in man 
we should find the tongue interfering in any way whatever in the 
sounds which issue from the larynx The muscle is not onlv much 
smaller m apes than m man, but it U much more homogeneous and 
compact (see fig. 63}; while, so far a* I have been able to observe 
the method of innervation shows an even greater difference than is 
“ “ ““ fitractnre of the muscle itself. To put the matter very 
briefly, m man the genio-glossus has become a series of a large mmi- 
ber of independent muscular strips which am, to aff intents and pur¬ 
poses, separata muscles, each with its little fiber of fcko hypoglossal 
nerve entering it in such a way as not to hamper its free movement, 
wldlc in the apes it is apparently a single muscle, or a closely united 
group, acting on bloc. 

It must be remembered that the adoption of un exceedingly im¬ 
portant new method of expression and eonmitmiciuimi such as human 
articulate speech would require widespread and most elaborate 
changes in the structures which it brought into pkv. It is not 
possible on the present occasion to go into the marvelously intricate 
cerebral, nervous, and muscular machinery, with its hmuiuerablo 
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bonds of coordination required for ordinary speech; bu t a lit tie search 
into the matter will show anyone that we are here in contact with one 
of the most incredible marvels in nature. Most wonderful of all, the 
whole mechanism is, from tin evolutionary standpoint, quite new-— 
a product of merely the later fragment of a brief geological period I 

When wo consider the number «f movements, following one another 
in. continually varying order, required for articulate speech, it is 
obvious that only macliinery which is able to act with every me¬ 
chanical advantage and with a minimum of friction can accomplish 
such a task with precision. Public Speakers frequently talk at the 
rate of 150 words a minute, while it seems possible to articulate quite 
dearly and correctly when speaking at the rate of ISO words a minute. 
If wo analyze the action of the tongue when speaking at the rate of 
150 words a minute, we find that there must bo at least 500 different 
movements or adjustments. This gives S or 9 in ovary second! 
Such movements, it must be remembered, do not follow one another 
regularly in mechanical rotation like the piston-beats of a multiple- 
cylindered engine, but are continually varying tlieir order. What 
wonder is it that coordination sometimes breaks down, with the 
result of a slut ter or a stammer ? 

Now a brief examination of the intrinsic muscles of the tongue, 
i. e lf those that begin and end in the tongue itself like tho distal 
muscles of an elephant^ trunk, will show how totally inadequate 
these would he to produce any such result; but immediately one takes 
careful note of the mode of action of the genio-glossus muscle tho 
solution of the tongue's incredible agility becomes possible. 

It is seen in the accompanying diagrams (see figs, 72-70) that the 
several bundles, ot fasciculi, of the muscle ore able to wet more or 
Lftid at right angles to the main plane of the tongue without any¬ 
thing to hamper them, for each flashlike movement of tho tongue 
away from the palate all that Is demanded is tin instantaneous 
shortening of one or other of these independent strips. For instance, 
in pronouncing the letter T we place the tip of the tongue against the 
palate close to the upper incisor teeth (see fig. 75), and then snatch 
it away with great rapidity. The placing ft there is probably the 
work of the intrinsic muscle culled the superior longitudinal lingual, 
but the more critical action of withdrawing it at the proper moment 
is due to tho front fibers of the genio-glossus, which become taut and 
racn or instantaneous action as soon as tho tongue-lip is pressed 
against the palate. 

In figure 7-1 it is seen that in the hard G or K exactly the same 
t lug t es phice with the central fasciculi of tho muscle. A like 
action comes tn with sounds involving L, N, R, D, J, Q; while in 
b. A, amt nil other consonants whore tlie nice adjustment of the 
distance tongue from the palate is a matter of moment tho 
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capable—of exercising a quick And exact control. The same applies 
to tlii 1 vowels, ns is well shown in the accompanying diagrams after 
Yon Mover’s drawings. Yon Meyer, however, has not shown the 
genio-glossiis muscle in action as it is shown here, mid indeed, strangely 
enough, docs not give it n word of mention as a factor in articulate 
speech. 

It is worth while to take note of the fact that practically all the 
speech movement* of the tongue take place in the neighborhood of 
its central line, ttud that the sides piny & very subordinate part. 
Hence the other extrinsic muscles, such as tho hypo-glossus and 
styloglossus can liuve little or no part in articulation. (See fig. 65.) 

Xow let u.' return to our inferior maxilla and examine the attach¬ 
ments- and relations of thegpiiio-glossus. It is obvious that for quick, 
precise movements, such os Those demanded by articulate speech, 
it must be unhampered and liuvo plenty of room to act. An exami¬ 
nation of the arrangements for the play of tho muscles in different 
animals is exceedingly instructive. In the dog, and indeed tho 
majority of the mammalia, the tongue ties flat upon the lower javr- 
. bone, leaving practically no room for any muscular machinery. If, 
however, a photograph of a plaster cast of the inner surface of tho 
wolf s jaw (see fig. 48) Is compared with that of the baboon (see 
figs. 50, 51), which outwardly resembles it, a remarkable difference 
of shape in evident. 

It‘ «11 tho monkeys—and even lower down the scale among the 
lemurs we find that nature has made provision for working room 
for the genio-glossus muscle by excavating a kind of pit on the inner 
surface of the mandible beneath tho tongue. This pit has been 
noticed by various comparative anatomists, but I had never seen any 
explanation of the reason why it exists, nor was I aware of its func¬ 
tion. until a series of dissections of monkeys' jaws showed in every 
case tho tiny tondun of the genio-glossus coming from the lower 
surface of the deepest part of the pit (see figs. 10, 03). Tho more 
doglike tho jaw Is, as in the baboons—the mom, in fact, it corre¬ 
sponds in general outline with tho prevalent typo of tho mandible 
among the lower vertebrates—the deeper is this pit. As soon, bow¬ 
el ar, as tho mandible begins in some degree to "resemble our own, as 
tn some chimpanzees and gibbons, imd the whole lower surface 
becomes tilted forward, the pit seems to be no longer needed, and 
becomes shallower. One may ns well remark in passing that it is of 
courea obvious that originally the genie-glossus muscle had nothing 
whatever to do with articulate speech. The need it mot in the 
economy of lemurs and apes was probably that of giving increased 
mobility to the tongue for sorting food already in the mouth. Tltis 
is plainly seen when we give n monkey a nut and see him crack it 
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and turn it about with Ua tongue, selecting iho kerne) and rejecting 
every fragment of shell. This ability, common among all tho pri¬ 
mates to sort fond with the tongue, and with its aid to eschew unac¬ 
ceptable. mortals, h strikingly absent in the case of most animals* 
Anyone can assure himself of this on seeing a dog try to get rid of 
some small imp datable object.. Animals, such as cattle* and espe¬ 
cially camel* arid giraffes, which are liable to get. dangerous thorns 
into their mouths, depend upon a most elaborate arrangement of the 
long papilla* lining their cheeky bo that by a simple backward and 
forward movement of tko tongue such things are lit length extruded. 

There Heems little doubt but that it is this sorting machinery of 
the tongue in the lower Primates which has l jam seized upon and 
greatly elaborated for the new and wondrous mechanism of articulate 
speech. 

Before going further it may he m well to clear up another point 
which seems to have puzzled so mo of my audience when l was lec¬ 
turing at Birmingham. The question was asked me, 61 How b a 
parrot able to talk if he has no chin?” An equally pertinent ques¬ 
tion would be, “How m a phonograph able to talk when it possesses 
no chin!" A parrot has deep down behind its breastbone a mar¬ 
velously elaborate ami versatile sound-producing apparatus, almost 
as different from any possessed by ourselves us is the mechanism of 
a phonograph. When man began to speak, be hud to make use of 
raw material, which was there already, to build up his talking 
machinery. That the parrot and the phonograph can speak, merely 
proves that there ore other ways of doing it; hut the only question 
which we here have to discuss is how man did it himself with such 
means as were iti his disposal 

When we come to examine the difference between prehistoric mm 
and modem savage* we find the same order of structural change in 
the mandible still going on, tending to the greater efficiency of the 
genio-glo^Ufv muscle for speaking purposes. When this fanlike group 
of muscular fibers came out of a deep pit, such m is arm in tho 
illustration of the jaws of the lower monkeys, the fibers were obvi¬ 
ously hampered by being bunched and huddled together, (Bee fig. 
AS.) As the jaw became tilted forward, giving more engine room 
beneath the tongue, the need‘for the pit became less, and it becomes 
shallower and shallower until wc find it a mere depression, us m tho 
Siamang gibbon, (See fig, 12.) These changes are plainly shown 
in the series of plaster easts of which photographs arc reproduced jn 
figures !> to IS, First of all is a fossil lemur, in which the jaw still 
retains its generalized character, but is beginning to show depressions 
as the genial pit makes its appearance; then one has apes like the 
baboons, macaques, or colobus monkeys, with an exceedingly deep 
pit or depression. Next come anthropoids, in which the lower edge 
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of the jaw is alneadj being dropped into something resembling u 
chin, and the depression at once becomes loss apparent. Next are 
some jawbone# of prehistoric man, namely, the Heidelberg an d the 
Nanlette jaws, in which the depression is still plainly seem and is 
scared}’- less marked than hi the gibbon. 

It will he seen that the Heidelberg jaw shows on its surface a 
tubercle; indeed, I undemtttnd (hat one uf the descriptions of it 
published soon after it was found stated that it did not differ from 
modern jaws iu [his respect. (See fig. 41.) A brief comparison with 
the other easts, however, will make it plain that the tubercle here 
seen is too Low down to be that for the gcnio-gliwsus. and is plainly 
the one for the genio-kyoid muscle mentioned hi the earlier psirt of 
this article, which has nothing whatever to do with the tongue. 
This tubercle is quite common among the apes. 

mien we come to the Pygmies and Bushmen we find in the 
majority of jaws the remains of this pit or a mere flat surface; but 
in some African dwarf races, and among- the Hottentots, Veil Jos, 
and Andamanese, two little prominences are wen beginning to grow 
at the lower edge of the pit. (See %«. I0-2D.) These tubercle, 
aa we pass to higher and more civilized races, become more and more 
prominent, until we get the European type familiar to all students 
of unutomy. 


Xow the bearing of these changes on the functions of the genio- 
glossu* muscle Lt fairly evident. First of all, it needed a deep pit in 
i, , iower a P GS t° got room to Wtirk at all. Then the depth of the 
pit became unnecessary through the tilting of the lower surface of 
the mandible; and by means of this change the muscle was obviously 
given greater freedom for action. Then wo get a nearly flat surface; 
and finally a prominence appears, enabling the separate fasciculi of 
the muscle to spread from the very point of origin ami so act inde¬ 
pendently without hampering their neighbor. (See figs, ] 8,32,3S, 42.) 

, 0 ^ re “ Us follow the whole course of the history of t lie 

gcmo-glossus muscle from fossil lemurs to modern men, and a verv 
rcmarkable history it is; difficult, I believe, to parallel in any other 
fitnicLurc of [hr body wbirh we may pick out for the purpose. We 
und it jn the lower upcs, in which it first appears as an important 
factor in tongue movements, coming out of a hob in tho lower jaw 
and we take leave of it mounted upon a pinnacle quite as high as 
the pit was deep. (See figs. 63, 64.) This ia as if an organism com- 
menccd its career in the uttermost depths of the sea, and attained 
its full development at the top of .Mount Everest! The muscle might 
a! and above all tilings else in our bodies as a symbol and sign of our 
upward progress. For I think it can not be denied that its develop¬ 
ment marched pari passu with the development of intellectual 
cApamtifss and the increasing need of a means of clear expression. 
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When speech began, as distinct from mere uiuuial stereotyped erica 
and ot her noise®, it k, of course, impossible to say, For the speech of 
certain low savages, consisting of grums, guttural sounds, and clicks, 
it is fairly obvious that few tongue movements are necessary; but 
wherever languages have became more elaborate—and many of litem 
in different parts of the world appear to have hud mi independent 
origin from more brut el i ke utterances- wo find that the genio- 
glossus muaclti conies more and more inlo play, as is evidenced by its 
tubercles of attachment nnd by the forward tilt of the chin to give 
elbow room among all this higher races. 

The speech of monkeys is, of course, a myth, and most of our 
anthropoid friends are curiously silent beings. The two exceptions 
appear to be J hi- chimpanzee, which is described hy travelers as 
shouting and celling in varied tones in the forest, and certain gibbous, 
which appear to come nearer to m m the variety of articulate Utter¬ 
ances than any other of the Primates. From the series of plaster 
casts shown in the plates, and in many others that are iu my possession 
it seeing to become evident that, speaking generally, the prill 
tubercles may he taken as some index of social and intellectual 
development. They are not, of course, strictly necessary for speech, 
but it is clear, both from anatomical and general reasons, that they 
grcji t!y foe ili t at o speech. 

It is in tores ting to watch their development in the normal human 
subject (sen figs. 30—^32), and I have several casts which illustrate 
this fairly clearly* In all young children they are absent, and up to 
ilm ago of M yearn they mnko but a small show; in fact, the jaw of a 
child of 14 years almost exactly resemble in this respect that of a 
Bushman or Pygmy; between 14 and 17, however, they appear to 
obtain i heir full development, How far that development is depend¬ 
ent upon llie use of thu muscle it is difficult to say; my own belief is 
that, like many of the roughnesses and ridges upon our bouns T liny 
am very largely the product of vigorous muscular aclion, L e, p nalurq 
has mat tile obvious need of rhft muscle by altering iho bona in a 
certain specific direction. 

For many yw$ J have boon endeavoring to got evidence as to the 
presence or absence of the tubordos hi deaf mutes. Such as 1 have 
so far as it goes seems to show that in adults who have never acquired 
artirukiu spewK they are quite absent, {See Gg + IJri In iho one 
apecmuici I have from a d.mf nmto, the bon B almost racily reaemblee 
tlmt of a Busltmun, or & cbUd of J4. 

A gliuteo over thr pwiiliaritire of tilt, tubcrelre io tho occomnuuviuff 
kLows how ex (. rnorrli »ari]y vamblo they are in <Ii fle «£? ^ 
vHluuk an.l in difforeqt roc<* <*eo fig*. 34, 35), but before any „,tf Q 
geiK«ar/e.l condom are <lrewn from thow diversities <m* ou-hl tn 
hnvo mimy fWn.la before one for comparison. It Sw J to ma 
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quito probable that this would prove & fruitful line of research for 
anyone with leisure and opportunity to follow up; for, when we con- 
aider the distinct anatomical problems involved in the pronouncing 
of different languages it scorns not improbable that definite structural 
peculiarities might become apparent in accordance with the tongue 
spoken. We know that it is practically impossible for Europeans to 
acquire the elaborate tongue anti throat movements of not a few' 
barbarous languages* and it would be extraordinary indeed if this 
wide diversity in muscular function did not leave some trace which 
the methods of the anatomist might reveal - 

In figure 42 is reproduced a photograph of a cast from pari of the 
jawbone of G'Brien* the Irish giant* the capture of whose body gave 
John Hunter so much trouble. I placed it there, because it shows 
the typical arrangement of the genial tubercles hi n very marked 
manner. It also tells us something else, which I think is not a little 
instructive. There can be no question that the Irish speak our Ian- 
girugn wiLh much greater correctness and precision than the average 
Anglo-Saxon* and further investigations seemed to show that in Irish 
jaws there was tt fuller development of the genial lubettdes than iti 
those found in English museums. On following the eamu lino of 
research a little further it became apparent dial a greater symmetry 
and uniformity id the development of the genial tubercles was to be 
found in French and Italian jaws than In English, This scema to be 
a matter well worth following up. 

A few other suggestive points come nm from n further examination 
of the plaster casta* reproduce I in the pining, which have no very 
direct hearing upon our present inquiry. One* for instance, is the 
obvious kinship between certain American monkeys and the lemurs* 
as evidenced by the duplicated pit. (See figs. 52 1 53,) In nearly eiU 
tho Old World apes of which I have specimens the two cavities 
appear in close proximity or merged into one, but in the American 
monkeys and the Madagascar lemurs they are generally separated by 
a marked interval. The lower jaw In certain highly specialized apaa 
such as the howler and proboscis monkeys, appears vary difficult to 
interpret. Hero again a more extended collection* giving oppor- 
i uni ties for exact comparative mo (hods* would be certain to throw a 
good ckal of light on what b at present a subject which seems to have 
been very little si tidied. 

Apart from these by-products of the inquiry 1 think it will be 
acknowledged that many of the facts put forward in this articlo go far 
in justifying my suggestion that tho chin* which is so marked a 
eharacl oris tic of tho modern human mandible* may be considered port 
of the necessary mechanism of articulate speech. 
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RECENT DEVELOPMENTS IN THE ART OF ILU'MTNATION,* 


By Fk^stoS S, Mirt.-u a, 

EUrtricuI Italiaf lakirafuf^r, .Vfir York, _Y. Y 


[Wldi ^ plates.] 

In the Journal of the Fmtiklm Institute l<sr the last few years there 
ure to be found u number of papers dealing with certain phases of 
illumination* These are of especial interest to a limited number of 
institute members , but most of them a re somewhat esoteric and pre- 
sum ably have been read in detail by hut a limited number of institute 
members: Consideration of the character of the institute member¬ 
ship has led the writer to feel that he could perhaps be of some service 
by endeavoring to outline in a comprehensive way the nature and 
scope of the art of illumination and by making available h brief 
review of developments in illumination which will place before the 
members a general view of the sub- 
jeefc in its large features, Accord¬ 
ingly, this paper will be found to 
contain but little of new interest 
for the illuminating engineer, 
being written more especially fnr 
the consideration of the member¬ 
ship of the institute at. large* 

In the discussion which follows 
a fragmentary bibliography is in- - 
eluded. The references which are 
ium-d are intended to direct attention to significant papers, and to 
furnish an indication of the manner in which the several phases of 
each division of the subject of illuminiition are being developed. 

Illuminating engineering as a distinct specialty is perhaps not 
generally understood* The name illuminating engineering as applied 
to this specialty is perhaps not wisely chosen. It will serve, how ever, 
™ the purpose of this discussion. Illuminating engineering, thou, 
08 0 specialty may be rep resented by the diagram in figure 1. 

The specialist applies the materials of illumination with the aid of 
the science of illumination, &iid practices the art of illuminiition. 

1 PrtwHtaJ fit & joint meeting of Ia* LlA.-tru.-nl flke^jb uid Uw tUamluiUtif Knf Entering gnditf K heUl 
IbLiriiiftj, Apr, »j„ j ni i. f ftepfUaiiij by permiukiCL from I h* J-pyrnttl o E tfc* FnxiftUn Ir-r-titnu?, Octet*, 
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the materials or illumination:. 

The material* of illumination may be clasrifiad as illummauts- 
natuml uud artificial—lighting auxiliaries, and fixture (fig. 2). 

Considering first incandescent electric lumps, 1 it may be noted, that 
increases in the efficiency of fight production have been accompanied 
by increase in the variety of iUuiuLrnmls both ns to types and ubies. 

Neglecting fur the 
moment otherqiiftl- 
ikies than the 
efficiency of light 
production, your »t- 
tention h directed 
to the diagram in 
figure M- This 
ahowa improvements in incutidtwent electric lamps which t o made 
BTuikblfl some years ago and the status of Wps of more recent 
development. I t will bo noted that the advances in the efficiency of 
fight production have been marked. The carbon filament lamp 
which had remained without material efficiency improvement trnii 
ISltt to J‘J05 was nl that time improved through the development of 
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the EO-called “meUsJlizod^ carbon filament, and in ihai form remain.* 
the most efficient type of l arbou filament incandescent lamp. The 
carbon filament lamp had been the standard form for general electric 
lighting, and continued to bo the standard lamp and the most largely 
produced lamp until about 1912. Its preeminence wm challenged 
1 adore that lime Iwcauae of the adoption of the metallized earh+rn 
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filament biiip for free renewal to customers by the larger centra) 
stations of the country, and was lost in 1912 us a result of the influence 
of lump manufacturers in promoting the sale of the metallized fila¬ 
ment rather than Uio sale of the carbon filament lamp. The substi¬ 
tution of the metallized carbon filament lamp for the earlier form of 
carbon filament lamp resulted in an increase of the standard of 
iUumiiiation throughout the country, for it consumed the same 
energy and produced about 20 per cent more light than did the earlier 
carbon filament lamp. 

In 1905 the various forms of carbon filament lamps were supple¬ 
mented by the tantalum Jump, an importation from Europe. This 
bmp never entered largely into American practice, its largest sale 
in the country probably never exceeding 3 per cent of the total 
sales of incandescent lamps. Its inferiority when operated upon 
alternating current and the announcement of the invention of the 
lungstrti Inmp shortly after its appearance prevented il,s attaining 
a position of importance in our practice. 

The tungsten filament lamp, first made available commercially in 
1907, was a marked improvement over other lamps then available, 
although its fragility and relatively high price led to restriction of 
its use in the earlier years of its history. Through the splendid de¬ 
velopment work of American lamp manufacturers this lamp has been 
rendered much more effective in all respects than it was a few years 
ago. The substitution of the drawn wire mounted os a continuous 
filament placed the lamp in a class with the carbon filament bmp 
- in respect to ruggerincss. The development of bulb-blackening pre¬ 
ventives has permitted its operation at somewhat higher efficiencies* 
Ibosc improvements, with notable price reductions, have led to the 
large use of the tungsten, now known chiefly els the Mazda lamp, 
so that in 1913 sales of the Mazda lamp exceeded sales of all other 
types of incandescent electric lamps, notwithstanding the fact that 
the life standard which it sots is twice that which obtained pre¬ 
viously. 

During the past year a new form of tungsten filament lamp has 
been announced, in which the bulb contains an inert gas w’liich re- 
ducc^ the rate of evaporation of (be filament and permits operation 
of the Limp at a higher efficiency, This gn Milled Mazda lamp is 
childly of importance in the larger sizes, and in effect creates a new 
lamp of characteristics similar to the incandescent lamp but of 
power equivalent to the arc lamp* In its smaller sizes it is included 
on the diagram, marking the highest efficiency attainment in the 
production of light by small incandescent lamps. 

The Nemst kmp was brought to its highest development in 111*08 
in the Wcstinghouse Xernst. Its active exploitation practically 
ceased in I9l2 t duo to the superior qualities of the tungsten filament 
lamps. 
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Paralleling tilt? Improvement in efficiency of fight production by 
meiins of incandescent lamps have coma improvements m larger *tec- 
tric iUuminantg.’ The pure carbon open arc lamp was mpplemen *d 
in about 1803 by the inclosed carbon Jump, which large > ^ ['- 
nfiuited it in spite of a lower efficiency because of more dosira > 
operating characteristic. This inclosed carbon are W ^ been 
for a number of yearn the standard street lightmg .Hummnn of 
America, and only within the past two or throe years bos 
position Of preeminence in that field to the newer *nd^aupenor tan* 
of are lumps. The intensified carbon arc lamp has found com _ 
able application in the lighting of interiors, principally store*. In 
this kmp pure carbons of relatively small diameter 
high current density within a globe which P*Tto*% '■«* 
flunnlv The resultant fight b more nearly white than that 
obtained from the carbon arc lamp ami offers some advantages Tor 

an* l«»p, of *M<± and JM. 

tallic IW Imps it™ U>« 1 'tUcipd —pH '■«« come into lur e 
u. in Ml lighting nnd ntorc tbtm »ny othet rp« n kntp to 
supplanted the inclosed carbon arc lamp. This lamp differ, m - 
C X from earlier form* of arc lump* m that the light is produced 
bv luminescence and emanales wholly from the aro atrOMa, wh«^ 
in the several forms of pure carbon arc lamps the light is produced 

bv incandescence of the electrode ends. 

'The itnmo arc lamp (short-fife form) b the highest achievement 
; n efficiency of light production among commeieud elednc illjmi- . 
nants In'Us earlier forms it suffered from short electrode fife, 
W hi e h made its operation costly and practically limited ite usefulness 
in this enuntrv to display lighting. In repetition of the history o 
the pure carbon arc lamp, the flame arc lamp, which u equipped 
with curl mas impregnated with various salts, has been adapted 
see,ire Inn* electrode life by partially inclosing iho arc nnd employ- 
in* large diameter electrodes, As in the earlier lamp, this operating 
advantage has been secured at the expense of loss m efficiency, mid 
tho long-bnmitig flume arc: lamp is not to he confused with the more 
efficient short-lifo flame are lump in this respect. 

The gas-filled Mazda lamp,* small sizes of which have been in¬ 
cluded in consideration of incandescent lamps, has not yet emerged 

i Are Iwipi -Tt* hmtSrtii *1 Ifa* bitkiwd w MmSes, Th* BLO^ltr Jr *™* 'f Kn^twSsij 

lOCfT. ,J itTflpallli oral IftrftwtfM npitllJ itlkitia tot 111* it Arne arc 4rtrst S' K 1 ' ‘'■U IntnmlHIIW 

r!;rk*'ii riaifm !'*», nql. \ p. TAJ. "ThflLlfriri ,d i OO^TR* 
—1 i jl rtt. M Th« tn*t*Hk ELuii p- %i r a EtefihHUp Timi. Ulc. Bug- P- '‘DMill 

iutfUteiw 1» lamp,** n^rj™, a«mJ Elw, mil, P- S» *■ A re ISj^tlnff/’ SHtanwfi, 

Elirtfral F.Lrt!- BirtarM, 1111 F p. Sfik. w luminous ftro ifcf&Jfel H*™/ s IiaJvOTis*h. 

OmCF-ul T".Pt. Rrtlw* 1 !> 1 m, fi. BO. "IbpOmiI ■» temp.”' Chamberlain, Gen Llw. 

141-3 fa. TCfi , 

t MfMiU Unijj*: "Ttlltcatm tmlnjw of tdill Ewqt3^iC7p ,h ww! OriBJfl, TrftfUL A* L. 
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from the developmental stage, hut is known to be among the very 
highest efficiency electric illuminants, especially in its larger sizes. 

The mercury arc Limp is available in two types* The low-pressure 
are in glass tubes is the earlier form And is in more general \tm than 
the high-pressure quartz tube lump* The latter, however, surpzi&scs 
it in efficiency. 1 

The Moore tube, fille d with nitrogen for general illumination pur¬ 
poses*, has been used to a limited extent for special classes of light¬ 
ing, Smaller sizes in which carbon dioxide replaces nitrogen are 
used only as artificial daylight. 

The Neon tube, as devised by Claude of France, murks a distinct 
advance in the efficiency of tube lighting. Whereas the Moore 
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nitrogen-filled tube yields light of a pinkish-yellow tinge, the Neon 
tube gives light which is rod*® 

The diagram, figure 4, summarizes and compares the light-pro¬ 
ducing efficiency of these several large Uluminnnts, The inclosed 
carbon arc lamps and the Moore tube are the lowest in efficiency- 
The 4-ampere magnetite lamp is of substantially the same efficiency 
as the old open carbon arc lamp. The fi.Ckampere magnetite and 
the low-pressure mercury vapor lamp are next m order, just failing 
to reach the efficiency of the long-burning flame arc lamp, of the 
quartz high-pressure mere my vapor litnip t and the Mazda gas-filled 
lamp. A short-burning flame arc lamp producing 3li lumens per 
watt is distinctly the most efficient of these large ilium in ants, 

1 SJiwtry va^nf Ureipi: ^ Kwt*! pa Hi* C*Op*t“0**UI bmp/* ;‘mprr-fJ kivUi, ¥:]m. Wortdi ana p*. 
k!rw b nnj t p. sg r 

- I.Eg^t fra01 f&HOUf win-li^Eari wElfclfi clw liibm," Moo» r Tfm A. I, J£- W ■ IWT, 
Vr «6 t « N*rtc tubfl UEbiiag/' Claud*. Ttmu, E n*% Sen.. I9H, p r SU. 
























































616 AJSJiUAl. ilKPOHr SMITHSONIAN [NSTtTUTIQN, WW. 

Thfl development of the gas mantle by Von Wulsbairli, in 1684, 
was the beginning of a new' era in gas lighting, 1 When the mantle 
burner was introduced there were available the flnl-lhimo burner, 
producing 1 to 2 candlepower per cubic foot of 1 6-condlepower coal 
gas* * the Argiind burner, producing perhaps 6 candle power per cubic 
fool; the regenerative burners, producing us much as 7 to 10 candle- 
power, The Welsbach lamp made available at first 10 ami, later, 
something like 15 candlepower per cubic foot of gas. ^iuce the 
early developments of the modern Webbach lamp hi, nay, 1691, no 
material improvements have been made in the effieiencj of light 
production from small mantle burm-rs, though burners, mantles, and 
auxiliaries have been further developed along lines which make for 
better operating qualities. Reginning with about 1901, the number 
of sizes of lamps employing mantles was increased and the produc¬ 
tion of an inverted burner was undertaken. By 1906 the inverted 
burner had attained a point of commercial success, and there had 
been produced a variety of sizes or upright mantle lamps, ranging 
from those consuming l\ cubic feet of gas up to the multiple burner 
lamps employed for lighting large ureas and consuming 12 to 18 
cubic feet of gas per hour. Since that time this range of lamps has 
been realized in the inverted type, and various improvements have 
bwu made in structural features and operating qualities, Kegen- 
erative lamps have been produced and have entered to n limited 
extent into service in this country. These attain efficiencies of 
the order of 28 candlepower per cubic foot per hour. Highest 
efficiencies from illuminating gas have been obtained by the use of 
pressed gas systems, used largely abroad for street lighting, but not 
as yet introduced extensively in this country. These yield light- 
producing efficiencies of the order of 85 candlepower per cubic foot 
per hour. 

The progress in efficiency of light production indicated by the 
record of the manufacturer uf gus illuminants is shown in figure 5. 

Among other Ulmmnants 1 the kerosene oil lamp is, of course, 
the most important. Its earlier form was improved by the substi¬ 
tution of a round-wick, center-draft lamp for the IIat-wick burner. 
The incandescent mantle hm been applied to the kerosene kmp, 
but without such success aa to command general substitution in 
olUamp lighting. Acetylene lighting, filling a limited part of the 
general illumination field, is not understood to be making any con¬ 
siderable advance in efficiency uf light production. The same is true 
of gasoline lighting, 

1 0*1 lamps- fw Itjthttme: ' Whllafetf; Tum, tils, ?-*& S?&e, + iwr. p. TV "ilutfHm 

rtfflil mtm-," 1-lUi: Tf*ai JUg. En*. fiat, UflB, p. <18. BJ bsthpuhIehsi on Llcai-pnwm (u 
tttkf lor." Qtttdmwih. Kim kM 7 r **ki Tram. IUp. Enf. 1913, p, W, 
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One ilium irnmi him been produced which yields light of s color 
closely approximating what may be considered to be average day¬ 
light, That is the- Moore carbon-dioxide tube. Mazda lamps, the 
intensified carbon are lamp, and gas mantle lamps have been equipped 
with color screens intended to modify flic light to produce artificial 
day light J Some of these duplications of natural light, are excellent 
and are being employed with good effect for commercial purposes. 
Other ilium titanic or equipmmU for illumiuuuts have been announced 
as the equivalent of daylight or as having daylight qualities;. Unfor¬ 
tunately, however; there hoe been much misrepresentation connected 
with this, and so far as the writer is aware, only the efforts named 
above should be regarded seriously in this eonncctlom 
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Lighting auxiliaries, 2 including reflectors, globes, shades, etc., have 
been greatly improved in recent yeans* Plate 1, figure 1, illustrates 
some types of reflectors typical of those which were sold 10 to 15 
years ago. Plate 1, figure 2 r shows an assortment of modem 
reflectors which surpass those previously available in appearance* 
and in that they conceal the light source and diffuse the light. They 
excel also in efficiency of light redirection. 

The design and manufacture of fixtures 1 may be divided into two 
classes j namely, fixtures of distinctive design and a lock fixtures. 
The homier can not well be generalized; the latter, which, of course, 

J A nia^l dnyUebi i|3mzrUiujLra: ,J A. ataDdnrfl far entor -m&Lw? Ttin frhll* Mew# liitt,’ 1 itixjro: Trans. 
Hlc_ En^. Soe-J 11HD, p. art. taap Cor firUfu-Lal dnyUEbi; ,a U os-ry; Tmaa, Sil?. Eag. BiML. m% p. 13. 

ll s*uh|tiK'thri p» 4 ur iLffn ql do* lick*. h Iris rad Lock kwh: H*mrif» l Wat Id, 1S| I ■ im. 1 * a 

EH anijkifta d«jl4ht; J +1™ mad Bf*dy: Li^htim; Journal. E9lX p p. 131. 

* Aitxlli&fiK 11 Tb* prtibdplM p[ Hm*ha and. raflsrtm: “ F B*fl; Ttmi. 01|. Ett£ T &tc rr IQ®, p, tXL "SsL 
■alJih: prtnrip]® s>l £lobtf rail nflttfciC*; 1 * LraiLs^hs Tims, Illf, Enr Soc,, m$ r p. 40. ^aympMJina 
flQ JLlctmifltLUni tJasnin;K vjJulU, Vocmf r anil ITfbhcn; Tmni_ lu*. Ed*. Sw, s IW1 B p.fliL 

* UfatHK ** Flitem d mtzn r ,r LinsJaEJ* **4 Heck; Ttmejs 1%. Ed*. See,, |»J P jrp r TJS-TS4. " Th* 

rafclimi flat™ dMlgn lammlHrtL lUiimaati^ pfMlk& hh Eloptan and Tmnm, 114 Ea*- 
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arc more largely used, haw been improved somewhat with the 
improvement in taste in regard to design which i* gradually being 
wrought among the public at large. At least, H may be said, that 
ihc at rontons fixtures which were placed in moderate priced houses 
20 years or so ago are now supplanted hv more tasteful fixtures- 
Plat e 2 t figure 1, shows a duster of electric lamps which ia typical 
of those sold 10 years ago. Contrast them with the view in plate 2, 
figure 2, of modem fixtures designed for the same class of use, The 
latter are superior in almost every respect and, while possibly more 
costly, yield a much better service return upon she investment* 

It is thus apparent that progress in recent years in the design 
and construction of materials of illumination \um been rapid, and 
that the report of recent developments must be considered to be 
encouraging in so far as the mat.erin.Ls of UlumiiuLtkm are concerned. 


THE BCIENUE OF ILLUMINATION. 





The science of itlumhmtion may bo considered to comprehend 
engineering, vbion, and esthetics. 

Principles of engineering .—Considering first- the principles of engi¬ 
neering in so far as they form it part of the science of illumination, it 

may bo said that the subject of 
supply falls properly under the 
headings of electrical nr gas engi¬ 
neering* The fighting practitioner 
must have ti working knowledge 
of usual systems of supply, but no 
special knowledge is essential. 

In the matter of installation * 1 * the practitioner needs to be some- 
what more skilled. The electrical contractor, plumher, etc., are 
prepared to handle installation* effectively, but are in need of 
guidance of the illuminating expert; hence p the latter requires a good 
working knowledge of the subject. 

A thorough knowledge of the design, construction. Lighting quali¬ 
ties, and operating characteristics of artificial illnmin ants is essential, 
and this subject has not been neglected in the literature of the art. 
Daylight 3 also hits been studied as to direction, diffusion, intensity, 
color, etc. Very complete information regarding sources of illumina¬ 
tion is thus available to the practitioner. 
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The' study of mLYiliarics from the sevens! viewpoints of light- dis¬ 
tribution, light absorption, color modification, dust depreciation, etc., 
has been an important part of recent developments in the field of 
ilhi mi mi lion. The light distribution curve has become a familiar 
part of nmnufacturens* * data nrul has been influential in emphasizing 
rho importance of correct design and low light absorbing qualities for 
reflectors ami globes. It has l»en shown that there have been 
marked improvements in the design of lighting atudharies. Like- 
wise, there has been a notable growth in the knowledge of Tim use of 
such devices ami in the discriminating selection, of the beat available 
for given purposes. 

The literature of the art is rich in discussions of the physics 1 of 
light production, optical principles, color, etc. Knowledge of theso 
subjects has been distributed rather rapidly through numerous pres- 
i’lUatibns Indore organizations of men interested in lighting 

In ilie measurement of light, notable progress has been made hi 
recent years. Tin- measurement of total flux and light distribution 
in the labor®tori' and the measurement of illumination intensity nnd 
brightness in lighting installations has been developed and now 
forms a standard part of illuminating engineering practice. 

Beyond the introduction of certain refinements which have pro¬ 
moted accuracy of results, there have been no important develop¬ 
ments in the practice of commercial photometry during recent years. 
Probably the most Important development in this field has been the 
reduction in the sw.o of photometers, which has resulted til making 
portable photometers available for the study of illumination. A 
recent broadening of the scope of such study has included the meas¬ 
urement. of brightness as an important branch of photometry. 5 

A number of investigators are engaged in the study of the"problem 
of photometry by nonooular means. The thermopile and the photo¬ 
metric cell., with possibly some alternatives, are looked to for assist¬ 
ance, in the future. IVhile nothing of commercial practicability baa 
yet demonstrated its value, progress is luring made. 

Thy variety of color values of the several important iliuminants, 
anil the other color values which for scientific purposes must bo 
measured, create a requirement for standards of light of several 

1 riijrii^ nnd Ai TnuiylbfmiiUan ttrebeclzlf porw*f Into light; rF Tam, A,!. F. F.„ 
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widely different cold? values. There is u gretiL need for a series of 
such standards which shall be autborUulive by reason of the mis pices 
under which they have been derived as well as by official designation* 

A number of laboratories are engaged in the study of this problem 
of hekroebromatic photometry, and while concrete results in the 
establishment of such standards are not available yet. progress must 
bo recorded in that the need for such standards is now definitely 
established ant l work is under way winch shun hi result nhim study 
ul meeting this need- Present indies (ions are that a range of cali¬ 
brated color screens offers a most practical solution of this problem. 1 

Standards of light 2 may he classified m primary, represent alive, 
and working standards. Primary standards* or those reproducible 
from specifications, are at present flame standards* respectively 
candle*, the Hefner lamp, and the Pentane lamp. There have been 
no important develop men fa in the way of primary standards of light 
in recent years, although certain means of arriving ai a superior 
primary standard have been suggested and some research work has 
been done with that end in view. It is generally recognize d that 
none of the existing primary standards of light b entirely sal ^factory 
and that there b need for the development of a new and superior 
si.and&rth Representative standards have been adopted and the 
so-called international candle is the official unit of light in England, 
France, and the United States. It b the result of standard i:oi.jion 
work of the past few years, and the unit is now represented by groups 
of seasoned, calibrated incandescent electric lamps held a l Lha 
official laboratories of these three countries. These form a reason¬ 
ably accurate and safe standard for light of omMiolur value. From 
them working standards are derived which accurately duplicate 
the value of the standard lamps and which are now available for 
g6*neral use of all who require them. 

A start toward adopting a reasonable system of units and nomen¬ 
clature* was made nt the GcneVa Elcetrimil Congress in ISflG* The 
committee on nomenclature and standards of the Humiliating 
Engineering Society bos been actively engaged in the furthering of 
this work. That considerable progress baa been made will be testi¬ 
fied by the several annual reports of the committee to be found in 

i Ftaferattb*! UttfrCJiTb*: 1,1 1 1 hoEattuti If-aJ lAbaraiiw1« at NoAiuimJ fUn-rau of SEMklnarS*. " airtltan 
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rh(! tnuia notions of that society. The subject of nomenclature is 
especially vexing, and the art is fortunate in having the services of 
so distinguished a committee tu assist hi the adoption of sound 
definitions, symbol^ and nomenclature. Pressure is being exerted 
vdili a view to the adoption of the metric system and some little 
progress appeam to have been made toward this end. 

'Hie principles of physical optics (inti of magnetic flux underlie 
many calculations 1 made In illuminating practices. Marked impetus 
was given to calculations of illumination by the application of the 
idea of luminous fiux in commercial illumination design. In recent 
years the mathematics of the subject has been set forth repeatedly 
end it may he said that calculations involved iu illuminating engineer¬ 
's work are perhaps further along toward complete development 
than is any other branch nf tin- subject. 

I lie subject of costs 1 k a fundamentally important feature of the 
science of illumination, and questions of first cost and operating cost 
including maintenance and depreciation, must have the careful 
HE tention of the practitioner. The literature of this subject k rather 
tnrnger, because of ihn difficulty of generalizing due to the marked 
influence which local conditions often cxereka upon costs and due 
to the invidious form which cost discussions arc likely to take 

So much for the purely engineering aspects of the illuminating art 
I he engineering features are important, indeed essential hut other 
aspects are equally so. The subject of vision in all it* ramifications 
forms an integral pan of the science or illumination, a fact which k 
being given due recognition. Light must bo correct in respect to 
Mitriir.ity, direction. diffusion, cdor. and steading; Mid to the studr 
° f 1 J^ 312 qualities a knowledge of visual processes and methods of per 
cep Items essential. 1 Shade perception and visual acuity together 
with oolor paroeption have been studied and discussed to* an extent 
which begins to make known some of the more important facts 
pertaining to vision. 

In thk connection also the subject of contrast may bo considered 
A knowledge of the behavior of the human eye under various condk 
lions of contrast is all essential to tho scionco of ilhiminatkm. Thorn. 
foro the study of reflation and aUoiption of light and of brightness 

ftutrtloB (tart « *f. htmp;-' K*>- 

^ry r ].□£ *w., liHJS.j. 2n. ■ 1 Tb*mlcubiGcrfi of □ bv Lbt fli U 0 ti w,. ,, 

**ES£ Ttaat - wt «•* Bat. 1 WW, p. W. “Tlu few oteoMnnilun „ ,Za«UlSZk^ 

eiiuhUBO,J" i^Aai,(*r: TWu, Lis. Eo*. floe„ fcu, 9 , no. pp mumlittibn 

- i£KXK ^ ta 

1 V U,nt pri>. ih JK», « £ nm* o! ilctit updii ill* €J *;" Stetrafc- Tnutt 1% £ nt litas n i sr » c*. 
rtfmln rti *rtJO,*J IlLmilmtlat;*’ Kiftwil; Tim, IB*, Ln*. Hoc., Hug, p, Iu. - Artln,u mh..k» n Tfij 

4 iib^E9lv B iul paint «|( vE*w; M Tran.. lU f . Kn£. &* r IMS, & z4, “Er-rtral* ■■ p v | H - 

l nUu L> F >. ill. ^FhjslalOfiaJ tfffcti irf rarJLaiJud-^ SlrQua*^- TriHM lllr £a»" 

iHft, p, L*! "Till ptyi&mtoE ‘Wmdwwth- Tiam in*. E fl |. ^ h Wit. ntW. 







622 ANNUM. IlErOBT SMITHSONIAN INSTITUTION, 1M4. 

of surfaces ts it prominent feature of the must recent advance to tho 
scknco of illumination. Glare both from light source nod from 
reflecting surface Is largely a question of contrast, and its suppression 
iit fjrdar to promote ocular welfare is ouci of the principal aims of 1 0 
lighting pruei itlonor to-day. 1 Excessive brightness means «*<w®ivo 
contrast with surrounding objects. 1 Sometimes a light source, which 
is sti bright as to occasion dtucomfort mold dart surroundings, 
becomes innocuous when amid bright surroundings. The general 
recognition of the need for contrast limitation lies boon dative in 
reducing contrast in the tnoro recent hisiallutioui. 1 

Glare is intimately cunnootod with diffusion of light. It is a siib- 
joct lu which a groat deal of study has boon given witbm tho last few 
years. In a paper before this institute Sweet presented the results of 
some laboratory axporiments on the effect of glare duo to the presence 
of a light soumu within the field of vision. Wlulo tlio conditions 
which ho employed won* extreme and I he effect was exaggerated 
beyond that mot in practice, yet the cousoqueooos experienced m 
ordinary installation? differ from those found in his experiments oiily 
iu degree. Glare duo to exposod light sources means dmamshod 
seeing abUhv, discomfort, and possible injury to the eyes. Another 
effect also known us glare is that attending specular reflection from 
polished surfaces. This is a subject which has recei™1 c-pwial atten¬ 
tion during recent years. Glare of this kind is again a matter of 
excessive contrast. One views tho imperfectly roJloeted image of a 
light source upon the page of a book, brightness of t he imago being far 
to extftiS of the immediate surroundings and tho general surround- 
inp a Tho same means which are effective to reducing contrasts 
between the light source and its surroundings an- naturally effective 
in reducin'-' the contrast between the reflected imago of the light, 
source and its surroundings. Thus in avoiding glam due to exposed 
totol sources, glare due to specular reflection is likewise avoid'*! * 

"The engtoeormg aspects, together with those aspects which pertain 
to vision?in large part constitute the science of illumination. Es- 
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lliet.cs as comprehended in the principle of design, ornamentation 
a . ^oration may, m a sense, be grouped under tho science of jhu- 
miuaLiou, and to the extent that it is so considered it is cssonLially 
imporlanl Obviously, however, esthetics k so much a matter of 
artistic fading that the entire subject can not bo classed under this 
heading.’ 


A glowing appreciation of (ho artistic possibUitirs of lighting and 
(hei growing demand for artistic execution in lighting d«dgQ a™grad- 
- v introducing more pleasing features, glassware, and lamps. 1 t . is 
one of the gratifying and encouraging features of tlio situation that 
there is nothing inconsistent in the requirements of good ill unit nation 
whether they be requirements of efficiency, ocular hygiene, or 
esthetics. It appeara that m promoting tho one, natural impetus k 
given to one or both of tho othots. F 

The mere efficient light sources 


are likely to he more brilliant and 
to cany with them tho need for 
concealment from view. In moot¬ 
ing this need, design along tho linos 
of least resistance results in diffused 
light from larger areas, forming 



s^mdnry sources which do not disturb ocular comfort. In the 

J2 f ”? h «?*['"«** %™ng, opportunities for tho creation of 
ploasmg and artist* effects thrust themselves upon tho designer in * 
maiinc. which was never encountered when lees efficient illuininanta 

USL J " Cr0 ***** * without udequaty com. 

The art of illumination » k the lighting of interiors and of exteriors 

1HoW?t f a i ,UEht fl,ld nr,ijil !d iUnminauts employing 

fighting auxiliaries and fixtures conforming to correct anSXf 

^dar and osttert* principles in the lighting of in lories “and & 

riX nnS may be improved only a* bettor mate- 

hath f^ r 111 ; 11 T T d v 1 J™ ikW,) and “ tho t*'** 1 ™ <> f illumi- 

nabon » advancedL tho lighting of interiors, men, or less in ac- 

jrtWc^wUb established ifiuminating principles, much experience 


Tmn^ FTI- v ' M 5 mnhfrte Dr il.LUiilxmSlDO [fc* ffiTtbllrcEUfnl Itan&Bai&l-” Cintnr- 

. r . r ' " ^ P ‘ * rt ' k,Tls * wtalho ftf UllEEUbnEULg Co fnchnrttaim'trr m ■T. 1 

wisiowrini: Blfrsls Tiul U% T Knff. &wl m Eh no ■■ f 

BflhMfW Hh L. ,,,. T nlrr Fn- - Ir J ™' E “ ’ "-WrttKt,*ni Ull) UJ U . 

rru P fr m! - T ^ L - F-d*-Sk^ j KB f [! p-3fl. ■ IlliimUaniir’ii uad fiTcfciCffftaft.- 11 T 

^ Uhl* im * P ’ 631 VBftaMrfcif:* TrtnL-J.; Tram, 1% Enff. 

* Aft fltofc^tlpcL^Pc^E^ wpe^ ■■ Ufebl aftd OcJfiT a <£nxint1aq:-’ Hoile^ jn„ Em? 
r^ J 1WS ” **■ ■*- “Tb* f Til i rttitriil p ui dammlfeci to tha fftnaJMCtof ct^bmp# meek* « dew' 
1 ! V. &r. far.. Hi*. f. ITS. <M -Cta*h 

U 3 filiallarirtmi; M WfcirffTT Trait*. I!Ly Ecjr &jC l!j| 3 ft 1 *]" h w 

l^fauut;*' inj; Timii. nig. fini. Soc.. !*p.p.*tx HthUnf atuHloriuaj M ul~ i h-i h f . | ,, ". h 











624 XSSV&L HEIGHT IKOT1XUHW, M4. 


has boon gained ami recorded in recent years, and considerable 
advance in pm-lieu lnia resulted. In tho Irai reaction* of the 111 ymi¬ 
nuting Engineering Society &I0110 them iir^ more tha.11 fiO paperc deal¬ 
ing with the illumination of iritoriors, many of them contoiumg 
definite photometric data on the results obtained. This experienc e 
covers a wide variety of installations ranging from the illumination 
of churches and theaters through illumination of store* mid factories 
to the simpler problems of lighting garages and stables. 

That rdmartaMo advances have been made in the lighting of 
interiors during the last fire yearn will probably not be denied. 
Better materials of illumination are available and knowledge of cor¬ 
rect principles of tUuminaiion hits increased rapidly, Experiments 
in the di^ign of lighting equipment and its installation have some¬ 
times failed to give satisfaction, but usually have given some lesson 
which 1 ms added to the total experience in lighLing practice. Develop¬ 
ments which in themselves have not achieved permanent sneers have 
in some cases been stimulative, and have promoted the best develop¬ 
ment of lighting practice. 

In the fighting of exteriors there fins been some advance also. 
Street lighting is so largely dependent upon municipal appropriations 
that its development is sometimes hampered unduly by lack of funds. 
Merchants' associations have found in street lighting a menus of pn> 
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mot Lug irtuli', and haw had recourse to display aiwi lighting to 
supplement the lighting provided by tho city. Thus, tungsten dus¬ 
ter lighting hits been installed in many cities, particularly the smaller 
cities of the country, with n very beneficial effect upon street lighting 
as a whole. More recently a competitive form of illumination, known 
as the ornamental arc lamp system, in which nn inverted arc lamp 
is employed, has commanded much attention and is experiencing 
notable growth. General civic street lighting Is improving slowly, 
the average standard of intensities being increased, and somewhat 
baiter design of the illui nil mutts ami systems being noted in the more 
recent installations. 

There is some Utile development in the way of lighting exteriors of 
buddings. Outline lighting of expositions was first carried out in a 
not able manner at the Columbian Exposition in 1S93, attaining per¬ 
haps its highest development at tho Pun-Americon Exposition in 
Buffalo in 1901. Tho Jamestown Exposition struck a new note in 
lighting building exteriors, and in the Panama-Pacific International 
Exposition in San Francisco, 1915, we are promised a fuller develop¬ 
ment of the lighting of buildings by conceded sources. 

These occasional remarkable installations arc, of course, few in 
number. There is no general tendency to light the exteriors of 
buildings, though a few creditable attempts have been made in this 
direction. 

PROGRESS IN ILLUMINATION. 


Having reviewed briefly tho recent developments in the field of 
ill umina tion, allow me to direct your attention briefly to the subject 
of progress and to 
the forces which 
have been respon¬ 
sible for improve¬ 
ments in the post 
and to which we 
must look for fur¬ 
ther development. 

The illumination 
which is provided 
depends not only 
upon the status of 
the art but also 
upon the degree to 
w h ich practice con¬ 
forms with the art. 
it has been stated that the art cf illumination is improved as the 
mate rials of illumination are bettered and as the science of illumina¬ 
tion is advanced. It may now be added that illuminating practice 
is improved as individuals, manufacturers in the lighting field, con- 

TfllTfl'— fljyl 10- 
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tractors in the fighting fields find lighting companies better their 
practice, It is to be regretted that in a review of recent progress 
in the field of Alumina! ion, note must be t4ikeu of the fact, that 
fihiminatxiig practice has not advanced $a rapidly m the develop¬ 
ment of the materials of illumination and the advance of the 
science of illumuiation would appear to make possible. The art of 
illumination has made rapid strides. Manufacturers, contractors, 
and lighting companies have improved their practice in many in¬ 
stances. Unfortunately, however, their influence is largely confined 
to new installations in stores and to some large manufacturing eshite 
IbhmcntB. Whore the commercial incentive is clearly discernible, o!ri 
ins 1 3i I hit ions have been brought up to date very generally. With 
these exceptions the older installations, dating back 10 years or more T 
compare unfaverahty with the best that tile nrt affords. 

Broadly speaking, a review of recent developments throughout the 
entire field must prove encouraging to all who arc interested in the 
subject of illumination, with the a'Ugle exception that, means have 
not yet hern devised for bringing old in* lull a I inns up to date and 
into conformity with present clay knowledge «<f lighting principles. 


FORCES TENDING FOR BETTERMENT IN THE ILLUMINATION FIELD. 

The progress of the past few years in the field of illumination 
b largely traceable to definite sources, and consideration of these 
sources warrants the belief that recent progress may be taken 
86 3m earnest of further progress to be anticipated for the near 
future. The Illuminating Engineering Society Ls a forum for the 
discussion of lighting questions. It footers study in the field, 
collects in its traiLsimrions most of the important literature of the 
art t and seeks Lo disseminate information regarding illumination. 
The Johns Hopkins University niuminatmg Engineering Society 
imur* course on illuminating engining laid the groundwork 
for education^ devoid to the subject. and a committer 

on education of the Illuminating Engineering Society Ls rum 
asking to further pedagogic interest and activity along this line. 
Thu national associations of electric compand'and of gas com- 
gjT are domg cducatumal work in this field. The Illuminating 

ti n ' o iT,nt ! 11CtUlg 11 of popular ediica- 

tion. All of thra efforts have made for prog***, Tnd may l>e 

looked to for future progress. The manufacture of iUumi- 

uants and accessor,,* in this country are reuiarkublv °L 

Their parches and investigations and' Xtfotll 7^' 
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tp assuming greater importance than the lighting business, yet it 
» tho U b'hting business upon which the reputation of the company 
for furnishing good service or poor service « most likely to de¬ 
pend, and which offers far more opportunity for cultivating pub¬ 
lic good will through acceptable service than does the 'power 
business. Most large electric and gas companies now have on 
their staff one or more illuminating engineers, and are devoting 
more attention than formerly to the subject of good illumination. 


IMPORTANCE OF TIIR SUBJECT 

In conclusion, allow me to enter u plea for more general utten- 
tion to the subject of illumination. It is one of transcending impor¬ 
tance whether viewed from a humanitarian or u commercial stand¬ 
point, Some estimates for the year 1913 of its commercial impor¬ 
tance m this country have recently been published. 1 According to 
these tile manufacturer’s stili^s of materials employed directlv fqr 
ilium ins tion in the electric-lighting industry alone aggregated 
>b5,000 T OOff f while the sales of machinery involved in the generation 
of electricity for lighting purposes aggregated perhaps half of this 
amount. The revenue of central stations derived from the electric- 
lighting busmens is estimated as exceeding 5300,000,000. These 
figures suggest in some measure the importance of the electric-light in c- 
industry and, of course, are in nerd of supplement bv corresponding 
Igurcs representative of the gas-lighting industry mid of the mined 
laneous light mg business of the country . But if all such figures were 
available, they would only begin to suggest the commercial impor¬ 
tance of arttficial illumination lo the country. Who shall attempt to 
l?st ™ lito th[ ’ «ol™std additions to the wealth of the Nation which it 
makes possible through extending the hours of industry? 

I lie importance of artificial illumination in another sense is diffi- 
euJt to oyprostiiniit^, 

" Health in the borne is depend™! upon proper suiiiation. ■. h-jnliiHw in n^xt u> 

SJS B ". ;wlt * Krat l*0|*V light. clrealinMa is next to impomble. Adequate 
mum that inn promoteJttMlIiipfP, 

“OphiWhaologie,* toll a, that inadequuuj or otherwise improper EWiiminn^ n 
JWMiona eyesUnm wtiicli odea result in hendneho and otJn-jr nerwnu diamlen. 
iaim, if prolonged, mu or later uudoimino gtmwni health, So.good iliuminution 

i/t general heal i h by pronto Eii3j£ fnuitiiEujfi ami avt.fidjng nennuj -aEna in _ 
t.rOrid ill u in inn lints tnw a mtno direct taarm^ upon IL*? beaitli of Uiu ipyw J( ij^p 
'■/« are richly *mpky«J upon detailed nark, fla in mwing or readme, und tr 
uoiMof Ultun^dan w yth nrR i mpm|H . rE dn^s-are fotfeued, and If rim arcurcij ion 
tfl niiuinuud, in spite? of tka fntipio, vision bs impaired at IcaM temporarily smd 
ponihly ^ injured ponnancjuly. A-. evnj pored with our forefculiore tn> am dmlnody 
11 nit. inmci We uw our tyca n greater number of hour* p*r day. Om]^ 

rw<,rda and tlio pnrenlnnre <.f evldfcnew*, Ihe doJo forlorn* eiTcci* 

^pon Ibn v irion of ihe pooplo 00 a whole. Who thill my wlmE pan of thm ptMImmu 


t ftdLlwrW, LlxhtlftJE Jmrorvf, Jam] jury. lflli. 
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tif knp&iri^l v|«km La attributable- |w LEnpreper illimimfitkn, tbxt la tu §a>\ tti Lbs 
miisuwol light* 

-, Phy?iolcfiifl1» Ec-Jl up that tiae lumsn <^ye ip naturally adapred /or duttmt vkiim; 
dmt whm focused upon nearby abjEcta, iua in most of the work in which it k applied 
in eur modern life, the murele* ore ciuitiacted and tho focal zn^Jumfpm of tlm uyc 
Is subjected in strain, They mil uj also thai T jiuit as children am physically^ Intel- 
lec Lti.il ly, wad morally mare fliipropdblo and pliant than adults fo the visual argons 
of children are delicate nod e*jk* Laity liable to injury if used under advene CtiadU 
tiniifl, in toodnfii Hfo children are called upon for a krgts omoinit of homo work in 
connecliot] with Lhfl Pchoul pytstomii. This involve# application of the eyes in exact- 
ingnont 1 viiion u> wliiidi they are act naturally adapted , and at u time of life In which 
tb&y nre periilmrly liable to injury. When to these imtowaM condition!! tbew ta 
abided tliat of pwr illumination, b it any wonder that wo pxe bwoiiiin^ a bwpsctadsd 
race? Of these condilkuw which njnfriite ifkhat ocular welfare feme mny be taj&ud 
our i.TinrriiI h but that of poor illmnimiiion l& a menace for dre existence of which 
there b an excuse, ttLuco dm remedy ui imderaLwod and Ip available to all. 

■■ Linht has a marked bearing upon lire nreftilncm uf ±mr lives. Artificial light 
extend* tho bourn in which we may labor, It lonkoa poreilda iiitaUoetioJ Icnprovo- 
meint; it ponuitP add rid ichlevmeut; it makop act usd life nf SO ycaiv equivalent to 
a ninth longer life In Lhi- period nntodatin^ the perfection of our modt^ru light souraea. 
Yet, though iheee plnremonljULre in ^end comet, it remains true that the prtd» 
measure of added urefu]ae» which omfkiaij light uinkea po^iblu dopnnda upon rise 
merits of the lHumkALcm. With gnod lHumiimtlou one may labor to better effect, 
may produce more hugely r and the product will bo mure nearly perfect than with 
poor Ilium I nation. These facte may be applied to the indupiiioa smd to the arte, to 
mannffteture, to the pursuit of knowledge, or to the development of artistic talent, 

* K Artificial light ban impertwu fseter in promoting happiness. In extending the 
hours of activity beyuitd tinow vbkh are ordinarily devoted In tho duties of life,, it 
aifonlfl opportunity lor tho pursuit of pleasure. light reveals the beauties of nature 
and ol art. whether it bo sculpture, palatln#, or architecture, It Is pftrckuIarJy 
impertan t in tin* homo where «o mncli effort is expanded for the cemfoit and pleasure 
of tho family. Few bonier are so humble but that effort is made to render 
them attractive. The ho tun muially redeem in its decorations the pcfaunnlily of tho 
hums maker, and, within she limits id the tastfia and means of tho family, attempt 
Is pm*** Uy made to render It homelike and charming. Mtu-h of dm beauty and 
charm are kwt m dm evening if the rooms arc not properly ILluinuifttetV 11 


Considering iku immense importance of artificial iJJu ruination os a 
factor in the progress of the country, every advance Ln the science 
of illumination, every improvement in the materials «f illumination, 
and all progress in the art has a special significance-* von a minor 
improvement in materials or in the science may hare a largo general 
influence if embodied in standard practice. U b therefore of inter- 
<f to consider the improvements which have been brought about in 
the recent past, he discrepancy between some of the present pmc- 
t,cr and the tot tha the art affords, and the opportunity which 
each one of us lias to influence one or more lighting installations for 
good. O-ridw the importance of the subject Imd the progress 
being made, it h a gratdying task to undertako to report ^ 

but l Ut£ V mo£T U ' CVCn ^ 9lJch ^ recognized as bfing 

but uttie more than suggesti ve as to the facta. ^ 







THE LOOM AXD SPINDLE: PAST, PRESENT, AND 

FUTURE. 1 


By Lutiilk Hooray 


[With 21 plntfss, J 

i PR1J1ITIVK f-oosis; rREmsTomc, akcxbnt. and modern. 
The spindle and the loom, the one for twisting fiber into thread and 

saissra** thre " d *■* - 

These tools, and the methods of using them, have never been ra b- 
jee to much ^nation, whether invented by prehistoric man, the 

thl nlT V °7 't the / 1 ' d J Cnt WOrM ' ° T thc *■«“*>■* craftsmen of 
the prmutive tribes of to-day. 

Moreover, it is not only in elementary forms of weaving that this 
similarity is found, for if the essential principles of the most modern 
spinning and weaving machinery be investigated, it will he seen that 
they arc identical with those used in the most ancient times. The 
complicated textile machinery of to-day is, therefore, simply a nat¬ 
ural deidopment from that used by primitive weavers of all "time. 

in the present course of lectures my intention is to demonstrate the 
principles of the primitive loom and spindle, and trace their gradual 
development into the wonderful, blit still f ur from perfect. lurcha- 
msm of the modern machines actuated by steam power? also to indi¬ 
te the Unes along which textile machinery, in the future, is likely 
to lw improved. * J 

In this first lecture I shall occupy the time at mv disposal by B 
adscript ion of primitive spinning and weaving appliances, prehis¬ 
toric, ancient, a ml modem. 

Prehistoric examples of the weaver’s art are extremely mre This 
is owing, af course, to the perishable nature of the materials of which 
‘hey are composed. Few os they are, however, and consisting, as 
th ey do, of the merest shreds of textile fabr ics, tlmy show unmistak- 

LKtar.ii .Irllrtml IwlW tb* Ilpjrul SwOty ,>f Xrti, p )lb . H ._ on 

“L* "* "■ »«■ P«mwhm r™ J*u™i * 

*«*. Srptemb^r 0. 13, 20. 1012. 5 aodvtr « 

A lit** number of lb* ]|]n*lntlni» <irr tik.m tram Jlr. IT«,j* r ’i ir.ad Loom wntfer" 
■bd are reprudocL'd bjr tbi> eowteny Of tftc pnblbtbor, Mr. John Hgr. X 
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nb]y til at the art of die loom, well si* that of the spindle and nee¬ 
dle, was understood and isuccc^fuliy practiced in what has been 
poetically called by sin eloquent French writer u The night of time ” 

The term u prehistoric " has, of course, only el relative men:ning* 
Roughly speaking, history begins at the period in human develop 
ineikL when the use of metal for tools and ornaments supersedes that 
of stone. I believe I am right in stating that antiquities of the Age 
of Stone are classed as belonging to prehistoric time. 

It is generally agreed that most of the lake dwellings of Switzer¬ 
land. which were discovered and eagerly investigated during the Jaurt: 
century, belong to the neolithic, or Inter stone period. It was amongst 
the remains of one of the earli^ of these villages, discovered in the 
bed of the lake at Robenhausen, that bundles of raw flax fiber, fine 
J-nd coarse linen thread-, twisted string of various siaCs, umi thick 
rope*, ee* well u* uKicd anil knitted fabrics and fragments ■ f loom- 
woven linen cloth, sometimes ruddy embdlbbed with needlework, 
were found. There were also spindle whorls and loom weights of 
stone and earthenware, one or two fragments of wooden wheels, 
which might have formed ports of thread-twisting machines, o* well 
n& rude frames w hich were possibly the remains of simple looms. 

It is remarkable that these relics of primitive weaving were found 
in the lowest of three villages, which., during successive ages, hud 
been built on piles on a common site near the margin of the bike. 
The linen shreds t>ear evidence of having been partially burned, and 
they were found very deeply buried in the day which forms lhe bed 
of the lake* It has been supposed that thi* early village was de¬ 
stroyed by lire, and that, to this accident we owe the preservation of 
the precious relics. All truces of actual textile fabrics arc absent 
from the later villages, although loom weights and spindle whorle 
ore found in them all. 

Tills theory of accident may be true or not, but however the per* 
ttolly burned specimens of flaxen materials become embedded] and 
preserved, they demonstrate that the people of the stone age in 
Europe cultivated flax and hemp, prepared and spun the fibers into 
continuous thread, doubled and twisted it into various tliickneaaes 
for different uses, and netted, knitted, or wove it into fabrics of n sort 
which required a good deni of ingenious Contrivance for their pri^ 
duct ion. 


Keller s work on the lake dwellers of Switzerland is illustrated with 
a hirge numW of lithographic drawings, I have had a few of these 
photographed, as they show the construction of the textiles more 

tS&XSSE* of the ach,fll 

[Photograph* Of illustrations from Keller's u Lake Dwelling of 

Switzerland, Longman, 1W, here thrown on the 
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Discoverer* of such Julies as these are often apt to exaggerate in 
their imagination tlie attainments of the people who produced them 
Thus, Prof- Messakommer, who in 1882 was fortunate enough to find 
the most important and probably earliest of the lake dwellers' vil- 
ages at. rZobeiihausen, as already described, savs that u he is con¬ 
vinced, from the specimens of textiles there found, tfiat all manner of 
weaving was thoroughly known at the very beginning of the lake- 
budding period.'’ An expert examination of these fragments how- 

4 ?°\ ! * ar mt his “gumption. They are, a s we have seen 
of the very Simplest kind, and are just such as are woven 
savage people of to-day, 

mentis of the most ele¬ 
mentary wearing appli¬ 
ances, No traces of tools 
for textile work were found 
beyond whorls for spindle^ 
one or two charred spindles 
with thread Wound on them* 
sharp-toothed combs, which 
were probably used for pre- 
pa Hug the raw fiber, and a 
few weights of earthenware, 
s imil ar to those which were 
used by the Greeks aiul 
Romans for weighting the 
W *H? threads of their up¬ 
right looms* 

In reconstructing the life 
and operations of ancient 
ami prehistoric mini from 
the scanty relics which arc 
available, it is most reason- 
ubki to imagine that weav¬ 
ing, and in fact work of all 
kinc]g T wag carried on with 

the maximum of human __ 

We should'not Imagine Iwv qSSr^ii'd ““.T* 1 " 1 ''” 1 “oWranim 

£%£*’ ~ *““■* is 

These are not, like so many of the fragments, netted or knitted 

l*2LLf n f h t 1 j r 'tK* pr ° Ved by the and flat inter. 

* meat of its strands, which cross each other at right angles. How■ 


r f «. 1 ,—ot Ilnra rtom 

Jirsbiinarfr lai r itw i-lluri of SwltMrtand. 
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ever jamdl the origins! webs may have been, n yet of threads—the 
w*rp—must in cadi ease have been stretched on soma kind of frame. 
The intersecting threads—the weft—must also have been passed be¬ 
fore and behind alternate warp threads in regular sequence. This 
could only have been done on a loom, however simple, and how aim ply 
a loom may be constructed let me exemplify. 

Here is an oblong board, two >tiek*, and a piece of siring. 

If I wind the string onto the board i fig. 2 ) ami in>crt the two sticks 
between alternate cords at one end, 1 have made the board and sticks 
into a simple loom, which is typical of the loom of every countty 

and of all time. It is typical because it has 
the essential characteristic of all looms, 
which is the crossing of the threads between 
the sticks. This cross transforms a collec¬ 
tion of any number of separate strings into 
it well-ordered wearable warp* which can 
easily be kept free from entanglement. In 
fact, without it no weaving conic! begin, 
much less 1 m? carried on to any length. 

There i£ a roll of East African weaving 
in the ethnographical gallery of the Brit¬ 
ish Museum. This beautiful strip of doth 
is 4 inches wide and is a fine specimen of 
modern primitive weaving. The pretty 
web. with its delicate pattern ?»f checkers, 
cotdd quite cosily l>e woven on such a board 
as this, no other appliances being necessary 
than the two or three sticks and a long thin 
spindle or needle for inserting the weft 
thread. 

Here is a tiny hoard loom, on which I 
totd had wo ven a copy of one of the border 
stripes of the African native web. Figure 3 (pi 1) is a photograph 

V oil Wlii notice a number ,,f loop,, hanging loosely to the unwove® 
threnrls. need not refer to them juet now, except to sav that they 

-« M&tlnf the work 
Witluiu them the waving- would take longer and require a little 
more attention, but otherwise could he as well done, 
r*e take apiece of loom-woven coarse canvas and examine it, wo 
shall see clearly the stretched threads of warp an <\ the continuous 

I n LTi Tt r f !‘ Tf " " mftI1 »' * piece of 

?£t\™ZT Uy 1,1111 lH(ried * *7 ^ the UttZ of 

a lake for .. years «r man, then, discovered by a fortunate arche- 



no, fc—primJUT* Nviil lo^m 
flmJ atitJ itJnlv 
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ologist, had been pressed between two glasses for preservation in a 
museum, it would, I think, when photographed present very much 
the appearance of the shred of lake dwellers’ 1 ben cloth (fig t). 

I ran best illustrate the method of Intersecting warp and weft on 
my extemporized primitive loom. 

[Hem the lecturer gave a demonstration of the simplest kind of 

Before proceeding to inquire into particulars regarding the form 
of loom used bj the Iftkt dweller^ it will be udmsabto to make a d'\- 
gression in order to describe the art of making thread, which nat- 
1 mally precedes the art of wen ring. 

There is no natural continuous thread except silk, all others being 
artificial. Silk is unwound from the cocoon of the silkworm in 
lengths of from 500 to 1,000 yards. 

Of this thread primitive man is unaware. But he seems to have 
un instinct which teaches him that various vegetable and animal 
fibers, however short they may be, can lie tw isted together and joined 
up into threads of any required length and thickness, as well as of 
great strength. Weaving is well nigh universal, but even in the few 
places where it is unknown the art of making very perfect thread and 
netting it into useful fabrics is commonly practiced. 

The process of making thread may lie stated very briefly. It con- 
sbts of (1) stripping and cleaning the fibers; this L called akutching 
or gaming. (2) Of loosening and straightening out the cleansed 
fibers; tins is termed carding. (3) Of drawing the carded filaments 
out in nu even rove and twisting them together into fine or coarse 
continuous thread. This final process is called spinning. 

The arts of spinning and weaving have acted and reacted continu- 
oIll'on one another. This was notably exemplified during the eight¬ 
eenth century in this country. At the beginning of the century 
weavers were often hindered by having to wait for yarn to weave, 
the domestic system of spinning by hand not being sufficient to keep 
pace with the production of doth. This led to the invention of spin¬ 
ning machinery. By means of this machinery the output of Turn 
boon ecame greater than the hand-loom weavers could cope with, 
ill hough there was still a growing demand for textile fabrics. The 
•«pp lent ion of steam power in the loom and ninny improvements 
added to the loom itself increased the speed of weaving and again 

equalized the output of the two industries. 

There can be no good weaving without good spinning, for good 
doth can not lie made of b«d thread. Spinning can be done slowly, 
of course, without any mechanical aid whatever. 

Here h a bundle of fiber ready for spinning. It has been simply 
cleaned and carded. If I draw out a few fibers and, after slightly 
• ampiqg them with clear water, twist them together with my fingers, 
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you will see that they have been converted, simply by the twisting, 
into n strong thread. Thread thus casually mado is naturally coarso 
nod rough, but an expert spinner would make in the same way a fine, 
as mng. even thread with very few fibers. 

If si small stick, having a hook at one 
end and a weight at the other, be sus¬ 
pended to the spinning thread, the fur¬ 
ther even twisting of the yarn will 
become much easier, because regulated 
by the continuous revolution o£ the 
weighted stick or spindle, as such an 
appliance m called. The spindle is also 
useful for winding the twisted or spun 
thread upon. 

Figure 4 (pi. 2} shows a collection of 
primitive spindles, both undent and 
modem, A moment's consideration of 
it will show- how widely distributed and 
well-nigh universal this simple Indus- 
trial implement has been. One great 
advantage the spindle has over all other 
spinning appliances is that it can be 
carried about Iky the spinner without her 
having to discontinue her work. An ancient story by Herodotus 
illustrates this point. 

King Darius chanced to see el Picon inn woman who was carrying & 
pitcher on her head leading a horn? and spinning flax, lie sent spies 
after her, and they reportcd that *he filled the pitcher with water 
watered the horse, and returned, continuing all the while to spin 
with her spindle. Darius asked if all 
the women of Pteonia were so indus¬ 
trious ; and being told they wore, 
ordered that all the Pffonmrua, men, 
women, and children, should be re¬ 
moved from their own country into 
Persia. 

Whether this row aid of merit was 
appreciated by the Paconiaus Herod¬ 
otus docs not my. 

There is a painting on a Greek vase 



Pea. ft. —Xaftre ■pJimlnir wb-^L 
< Proas S*rn*piS{,j. 
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of about ROO B. which depicts a spinner holding the distaff in a 
picturesque and graceful but unusual nruL nine would think, iaeffee- 
tlve way. 

Figure ft allows the usual method of earmiig the distal! ^hif-h it 
will be seen eaves t«*h hands of the pinner fiw for drawing U 
the fiber and twisting the spmdle. 
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Figure <i U from Roth's ■* Natives of Sarawakand shows ike 
spuidlo attached to a small wheel, actuated by a largo one, which 
keeps it regularly rotating. 

With this wheel, as with the weighted spindle, twisting and wind¬ 
ing on are alternate operations. The manner of using the wheel is 
as follows: The thread is first tied to the spindle, a convenient length 
of fiber being drawn out. The spinner turns the large wheel, which 
causes the spindle to revolve and twist the length of fiber, the latter 
being held in a line with the spindle. When sufficient twist has been 
given to the thread, the spinner adroitly moves the hand holding it 
so that the thread is brought at right angles with the spindle. The 
rotation of the wheel being continued in the same direction, the 
length of spun thread will be quickly wound upon the spindle. These 
alternate movements are repented until the spindle is conveniently 
Jilkd up with spun thread. 

Spinning wheels working on this principle are widely distributed, 
they are still used in China and Japan and various countries of the 
East; also in Central America, as well a* in many remote islands 
where native textile arts still survive. The large’spinning wheel 
still used in parts of Ireland, Wales, and Scotland for spinning wool’ 
works m this manner. In Scotland it is called the mucklc wheel. 

Spinning with a wheel may have been practiced in Europe in 
ancient times, hut there is no evidence to prove iL The thread is the 
same whether spun with or without the help of a wheel. The best 
and finest workable thread ever produced bus been spun in India by 
means of the spindle, at Dacca, where the famous Dacca muslins are 
still woven by hand from band-spun thread. 

The well-known ordinary spinning wheel, sometimes called the 
btxooy or German wheel, lias Ixwn in use since the sixteenth century. 
Lt has an ingenious arrangement by means of which the two opera¬ 
tions of twisting the thread and winding it are done simultaneously. 
Ax. however, it carries the art of spinning beyond the primitive stag!'. 

* mils] Wve it5 description to my next lecture. 

After this rather lengthy but nectary digression we may resume 
the inquiry os to the loom in its ancient and primitive form. 

The presence amongst the textile relics of the lake dwellers of a 
few circular and conical-shaped objects of stone and earthen ware, 
gives a clue to the form of loom on which the prehistoric webs were 
woven. Such objects, pierced with holes and sometime; elaborately 
ornamented, are found in excavations nil over Europe. These objects 
are precisely like the weights which the Greeks and Romans and 
Uiher ancient European peoples used for the purpose of stretching 
Ibe threads of warp in their peculiarly constructed upright looms, 
(See fig. 4. pi, 1.) 
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Seeiag T then* that similar objects to these are found Amongst the 
lake dwellers relief it is reasonable to conclude that they were used 
for the same purpose* and that the form of the prehistoric loom was 
the same as that of the looms of a later period of which we have 

representation 
Amongst the vase 
paintings of ancient 
Greece only four 
representations of 
the loom are found. 
Two of these are 
rough though ex¬ 
pressive caricatures 
pamied on Bcentinn pottery. The loom in each of these sketches is 
vert' definite and, ns far as it goes, evidently correct in detail. One 
of these painted pots is in the Bodleian Museum at Oxford, and the 
other, of which I have a photograph, is m the British Museum. 

The subject of the painting is Kirkc presenting the noxious potion 
to Odysseus (fig. 7), 

The loom is simply 
a pair of upright 
poists with a cross- 
piece joining them 
together at the tup* 

Beneath the cross* 

" " ^ller or 
which the 
doth is wound as it 
is woven. The un¬ 
woven warp is seen 
hanging nearly to 
the ground* where it 
appears tn terminate 
in two rows of cir¬ 
cular weights. These 
weights keep the 

wn T tf ' n?ads and two sticks intersect the threads in order to 
refam the rrosn between them alternately, so keeping the warp from 
entanglement and preserving an opening for the passing Il!u ] inter- 

k Mnfl "I * * r ft V Tn thc ° xford V(,Sfl f he weft is shown wound on 
a kmd of mesh such as is used i n the nuking of net* 

it ssivrvs^ ■ b “"i M r- n. d.to 

s , , 77 v;. , Tli " 18 * not, mrefit] ,n,1 bbbmte Mint- 

ng . b..l i Wk htlte r „ .be,., ft, lrn ,„ n , 1 ““ 

]«*. of 0,c «u simple »,« r „eue„. be, ,11 , he p,"^ “ 


Pin. S.— Prncljpr'm IwHL irrntn vfliap n&Jt^ln- 

500 n. cj 


































LOOM AJTD SPINDLE-—HDOPES 


637 

carefully drawn and the pattern of the web—a highly ornamental 
one is distinctly shown. There are also pegs on the top crosspiece 
■•f the loom on which spare balls of different-colored weft are kept 
ha July for use. Spare warp was also probably hung from them at 
tile hack of the loom. 

The weights at the bottom of the loom in this casie are of a conical 
shape, very much like those found in Switzerland. Thera is also at 
the back of the loom another stick or beam, which is, I believe, for 
the purpose of holding the length of unwoven warp before U passes 
through the holes in the weights at the bottom of the loom. The 
loose back threads are not shown in the paint¬ 
ing, but the roll of doth upon the beam indi¬ 
cates that more than a looms length of warp 
is being manipulated. Probably the artist 
shirked the difficulty of representing these 
back threads, and so made the front ones 
uppuiir to terminate at the weights. 

This painting is particularly interesting, be- 
Cnuse it allows unmistakably that the elaborate 
pattern Kelis, whidi the classic poets so often 
referred to. were woven on the simplest of 
looms by skillful handicraft, not by means of 
complicated machinery, as some have sup¬ 
posed, In proof of this, if you will notice the 
border of grotesque creatures which Penelope 
has just, woven, you will recognize its likeness 
to the pattern on the robe of a processional 
figure, copied front another vase painting of 
the same period, which is the subject of figure 9. 

On a tiny vase in the British Museum there 
is a slight sketch of a lady weaving on a small 
fr.imc, which .-he holds on her lap. 1 In this case the strings of wayp 
frn? merely stretched on the frame, and there are no loom weights- 

I here is. however, a peculiarity in the method of working depicted 
wri:< i unmistakably links this diminutive loom with those of Kirke 
find 1cndope, as we shall presently see. 

Ohif Ohifsem in a work on Iceland, published in Amsterdam in 
' , / ” l ? es nn 1 [lustration and account of a traditional loom still used 
nl , tun * f n that country. There are two or three more or less im¬ 
perfect copies of Olafsen's drawing in English books which show 
iIn- striking points of resemblance this loom bears to the looms of 

II orient Greece 3 
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Lookup constructed in the manner which required the kiml of 
weight# found in the lake dwelling those depicted in use on the 
dosdc TMea y and ihe traditional looms of the north of Europe, all 
agree in requiring n method of weaving which differ^ from lhat of all 
other looms the world over. This peculiarity was noticed by Herodo¬ 
tus. who visited Egypt about 100 B. G. and recorded bis impressions- 
Speaking of the Egyptian^ who appeal red to him to do every tiling 
in a contrary manner, he says: u Other nations n — meaning, of course, 
Europeans—“ throw the wool upward in weaving* the Egyptians 
downward/' 

Now. if you will glance lignin at figures 7 and 8. after you have 
noted the point on tli€^ Icelandic ono, you wilt fw that the. webs on 
the-*: looms arc all being woven from the top. This necessitates heat 
mg the weft upward m the Greek historian says, and also winding 
the cloth upon the lop roller- In fact the method of stretching the 
warp by the hanging weights and the necessary relative position of 
the cross sticks make it impossible to weave in any other way. 

The Greek lady weaving on jl small frame I referred to is also 
shown commencing at the top* although in her case the warp being 
stretched upon a frame, it is not necessary to weave in what we should 
consider an awkward way : her doing so. however, shows that it was 
the custom to which die was used* 

The people of ancient Egypt did a large export trade with Europe 
and distant parts of Africa and Arabia in manufactured linen, the 
fin* 1 linen of Egy pt being unrivaled in the ancient world for evenness 
and fineness of texture. 

Owing, no doubt, lo the dryness of the climate of Egypt, and the 
peculiar funeral customs of the Egyptians* many specimens of an¬ 
cient Egyptian textiles have* been preserved. Linen cloth, which 
was woven four or five thousand years ago or even more, may still 
be seen and handled, being os perfect as when it was newly cut out 
of the loom by die industrious Egyptian weaver. 

In the British and other museums many examples of such Egyp¬ 
tian linen textiles may be seen. These linen cloths were unwrapped 
from the mummies whose funerals took place under the various dy¬ 
nasties. As to the looms on which these textiles were woven, the few 
representation of them which exist duow lb at they were constructed 
on * different plan from those of Europe, and bear out the statement 
of Herodotus that the Egyptians beat the weft downward Instead 
of upward when weaving. 

Only three pictures of ancient Egyptian looms ore known to exist, 
and there wseni to be no traces or fragments whatever of the looms 
themselves. 

The drawing of EK>-ptkn Joutn* (fig* 10, 11, and 12) W(?J . P mMh 
from wall immtings at Ben* Hasan and Thebe* in Upper Egypt. 
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from this drawing | pTi.'iit JI Hil^iff inn |||| ill 
are that the weft is ^ ^ ' i"" 

Ijciri" beaten down ji- ^ ^ mw ; 
J illd the we I) is |— SSxK ^SSHSc?! ! 

nlso that the warp 

both trip I 

weavers work at a m ‘ I(K—Efr 7r rf| ' tl ■ 

21" T ] f 1 ! 7 m - Tll ° *• the right is 

id. a Iwufc at die end, into the warp. This honk 

I MlltJwt ,kf n ™ rh discussion, hit) ] U-Iieve it is pen 
he ..veil wound on it. the art to not being aide or 
ld«l to indicate the thread- Poshly he Wluj an [!ll( 
«3onisL, and only represented symbols ami souls of 


figure 10 is rut her a puzzling one, because the artist has combined 
a bml s-eve view of the loom with n ,dde elevation of the weaver, 
T , " ' rp? w “ c Jj ,s a short olie ' 15 dimply stretched upon the ground 
/ Jlcm oro no Jo!k ‘ ns or frame of any kind. The weaver Is niak- 
a carpet or mat. it may be of rushes or grass. The only distinct 
facts to be gathered J ™ 
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hooked stick* h at work. The cross sticks are shown* but their pur¬ 
pose could never be detected from the picture. There zs not much 
indication—only a line—os to which is woven web and which un¬ 
woven warp. I imagine the line just above the weaver's knee is that 
of the already woven portion, and that all above is unwoven warp. 
Also that the line by the weavers left hand indicates where he is 
picking up alternate threads to make an opening for the weft which 
is wound upon the hooked ^tick or spindly 
Anyhow* we have here the warp stretched between the top and bot¬ 
tom bars, or probably rollers* of an upright loom of solid construc¬ 
tion ui which the 
weaver is at work in 
such a position that 
he must L»e beating 
the weft downward* 
and die web be grow¬ 
ing upward. 

F as ten i ng the 
warp at both ends to 
rollers and weaving 
upward are without 
doubt great ad- 
k “" on the nn- 


ropean 
methods of proce¬ 
dure, A further ad¬ 
vance is the inven¬ 
tion of what is now 
called the heddle 
rod. There is no 


rro. 12,—Efitfptnn loam fot Ubeh 


direct evidence of 
this valuable addi¬ 
tion to the loom either in ancient Europe or in Egypt, but it ia 
difficult to believe that the extremely fine wide linen of Egypt could 
have been woven to the extent it was* without this simple and obvious 
appliance. Some of the finest Egyptian w ebs have as many as 13ft 
threads of warp to every inch of their width* and it seems incredible 
that this muHitudti of fine threads could have been profitably manipu¬ 
lated with the fingers on]?. 

It is possible that the bar across the loom (fig + 12) * on which the 
weaver is apparently only resting his arm* may be a had die rod. 
This important appliance I must now explain. 

Returning for a moment to figure 3* let me call your attention tn 
ihe loose mops which I pointed out as time economizers, but did not 
further describe. 
























































These loose loop? are attached one to each thread of the warp, 
which h at the hack of the lower cross stick. The eras* tick make? 
one shed or opening for the weft. The loops, on being polled for- 
ward, bring the back threads to the 
front, and so make the second or 
alternate opening. 

You will sea this at once if I add 
loops to my simple loom unci insert 
a rod to enable me to niii*? them all 

together. 

[Here the lecturer demonstrated 
the uac of the hcddle rod (fig r 13}.] 

As un appliance for two impor¬ 
tant branches of textile work—tap¬ 
estry weaving and the weaving of 
li and - knetted p i h ca rpets — the 
lootn, at the point we have now 
reached. smn$ to k‘ capable of no 
f 11 rtficr development. F|U - 1: ^ - tautm ami bnMTfi rod, 

i igure 14 is a design for a Final) tapestry loom from Mrs* ChrUti« f e 
u Handbook of Embroidery and Tapestry Vowing. 1 ’ J 

This Loom, simple as it is, can not bt- improved in its mechanism, 
except perl i tips in some un imports ni rfeUils, for the uso of the artist 
weaver to work out his free designs upon. 

AH the gorgeous and more or less 
elaborately ornamented carpets of the 
East, us well as the exrjukitcly wrought 
tapestries of the West, from the most 
ancient times to our own, have been 
woven on looms of no more compli¬ 
cated con* trued on than this. Added 
meclianicnl contrivances limit the scope 
of the craftsman. Freedom of design 
is trammeled in proportion to the fa¬ 
cilities invented for the automatic repe- 
tltion of pattern in the loom. 

Tlie six illustration? with which I 
conclude this lecture are taken from the 
masterpieces of weaving made on looms 
of uo more elaborate construction than 
figure 14 at different periods by equally 
skilled craftsmen in various parts of 
the world. 

Figure 15 (ph 3) is the most ancient piece of ornamental tapestry 
weaving known to exist. It is extremely fine in texture, the whole 
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piece being only 4 inches by 1$ inches in size, it formal part of the 
robe of Amenhilep TIT, who reigniitl in Egypt 2000 li. C. The 
original is in the Cairo Milium. 

Figure IG (pi. 3) is a piece of Greek tapestry of about 500 B, C. 
It was discovered in the relic* of a Greek colony in the Crimea. 
The original is in the Hermitage Museum, St, Petersburg. 

Figure IT (pi. 3} is a line piece of Egypto-Bomon tapestry woven 
of colored silk unwoven from Chinese webs. The actual size of the 
little panel is 4 inches by -I inches. It formed part of a child's tunic 
in the. fifth century A* D. 

Figure 18 (pi. 4) is a piece of Persian weaving of the sixteenth cen¬ 
tury, It may have been woven in Venice by Persian weavers. It is 
an exquisite example of hand-knotted velvet pile, there he mg as many 
as 41)0 knots to an inch. The color and ornamentation are superb. 
It it one of the choicest treasures of the Victoria and Albert Museum 
collection and is called the Persian cope. 

The same museum possesses a set of Brussels tapestry of the six¬ 
teenth centaiy. The figures are life size and are splendidly wrought. 
Figure ltt (pi, 4) represents a portion of one of the panels. 

The subject of figure 20 {pi. 5) is a modern tapestry by Morris & 
Co. Tilt- design, "The Pussing of Venus.’' was made- hy the Into 
Sir E. Burne-Jones. The tapestry took seven years to produce and, 
being sent to the recent Brussels Exhibition, was destroyed in the 
diiaistroUii fire which tm>k place there, together with many other art 
treasures. 

All these examples of tapestry weaving were made on such looms 
as figure 14 and are really mosaics of plain weaving with a loose weft. 

Figure 21 (pi. 6) U a photograph of the tapestry-weaving work¬ 
shop of Messrs. Morris & Co., at Merton Abbey, 

In the next lecture I shall deal with spinning machine* and the 
development of the loom for automatic pattern weaving. 

II. KI'INNl Mi MECHANISM AND THE LOOM TOR AUTOMATIC WEAV¬ 
ING, PLAIN AND ORNAMENTAL, 

In the present lecture I shall first deal briefly will) the spindle in 
its later development from the domestic spinning wheel of the six¬ 
teenth century to the machines of extra ordinary capacity and exact¬ 
ness which supply the enormous quantity of yarn of all kinds required 
in the textile industries of to-day. This will clear the way for the 
further and more important study of the loom as used for automatic 
plain and ornamental weaving. 

On the primitive spinning wheel, you will remember. I pointed 
out that the spinning of the thread and winding it on to the spindle 
were separate alternate operations. On the more modern spinning 
wheels the spinning and winding are made simultaneous by means 
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of n little contrivance railed 11 flier ami bobbin attachment to the 
sptndle. 

The first historic: hint we Lace of this invention is from a drawing 
in mu. of the sketchbooks of the great artist -craftsman. Leonardo dn 
Vinci. Bui it was not until nearly a century after his death, which 
look plane in 1519, rlmt the spinning wheel with ting clever attach- 
meat came into gfmeml u£&. 

Figure 22 xliows Leonardo’s drawing and the later spinning- 
machine attachments which have been derived from it. 

' 1:1 [ Jenna fibre drawing Ho. 1 h called the flier. It is firmly fixed 

on the end of a shaft or spindle No. 2 A and 2 B, No, :t is a small 
pulley also firmly fixed to the 
sptndle between the bearings 
C and I). When this pulley is 
niinle to revolve very rapidly, 
by means of a cord or belt 
from a large wheel, the flier 
revolves with it and twists the 
three d which is passed 
through the hole in the apim 
die at Xo. 2 A. 

Xo. 4 is another pulley, 
father larger than So, 3- 
Thia [mlIcy is fixed on a Iml- 
low shaft, which extends from 
the pulley to No. 5. In the 
hollow of this shaft the spin¬ 
dle van freely revolve, and on 
it the bobbin. Xo, 6, tightly 
fits. 

Xow, if the different-sized 
pulleys. Nog, a and 4. } JP actu- 
•d 11 Mm cords from the same large wheel, die flier will revolve at a 
' ** f Speed than the bobbin, the difference in speed being, of 
‘nurse, m proportion to the difference in m# of the pulleys. 

rhe result of this arrangement will be that, if the thread, twisted 
Jf' *"• «* solution of the spindle. I* passed through the eyes i n the 
ns m the drawing, and fastened to the bobhin. two operations 
wi take place; (1) The thread will be twisted hv the flier: {2) be* 
cause the bobbin revolves at less sliced than the flier the thread will 
( >e gradually wound upon the Iwbbin. 

Xo. 7 appears to be u kind of fork fixed to the end of the spindle. 

If this fork were pushed to the right the eye of the flier could be 
Placed at any part of the bobbin, iso ns to spread the vom evenlv 
upon it, ' 



Piq. SS,—t‘3mt drawing 0 ( tmhl.ln am) tbdi- 
■ ttarhnmst for HjilnBlnc wheola. 
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Sooner or later this suggestion of Leonardo's was prut-lieu 11}’ 
adopted, and tho spinning wheel, titled with bobbin and tiler, came 
into general use m Europe. Tho distaff and spindle, however, have 
not, even to this day, beat altogether superseded. 

A more compact and convenient contrivance for spreading the spun 
thread upon the bobbin is shown above Leonardo's sketch. In place 
of tho fork for altering the relative position of the flier and bobbin, 
a row of small hooks is placed along the arm of the flier, by means of 
which the thread can lx? guided on to the bobbin at any part of its 
barrel, 'lids is the twisting and winding arrangement with which 
the improved spinning wheels of the seventeenth century in Europe 
were fitted up. 

In order to compare it with Leonardos sketch I have to the right 
of it (fig. 22) made a diagram of the bobbin and flier of a machine 
spindle. 

It is old-fashioned now, as a modi Goat ion of it, called the ring spin¬ 
ner, 1ms taken its place. The principle on which it works, however, 
hi the same, so, as it is more convenient to compare with the original 
sketch, I prefer to use it. 

Here Nos. I A and 1 11 indicate tlm spindle, which is caused to re¬ 
volve by the pulley, 5s o. 2. 

The machine spindle is lived vertically, a hundred or two being 
rained on out 1 machine. 

The flier, No- 3. is fixed at the top of ihe spindle. 

Nik 4 hi the bobbin standing on a shelf, Na n, The shelf is made 
to rise and fall iiutomaticnHy as the thread is delivered to it from the 
flier. This is, therefore, a return to Leonardo's idea of the shifting 
spindle. 

The spindle passes through the bobbin, but there is no hollow shaft 
for causing the bobbin to revolve. It simply stands loosely on the 
shelf, and when the thread from the flier is attached to it t the revolv¬ 
ing flier drags the bobbin round at a less speed than its own, die 
weight of the bobbin acting as a brake. The thread is thus wound 
on mom or quickly, according to die weight of die bobbin. 

In the ring -pinner before mentioned tho bobbin, nr paper cop, is 
fixed firmly on the spindle and the liter is free. The flier runs on a 
ring which encircles the cop and drags upon it. This acts in the same 
way. as to winding, but makes it possible for the spindle to revolve at 
a much higher speed. 

Although thus adopted for machine spinning, the idea of a loose 
bobbin was not, 1 Wlieve, n new one. Spinning wheels had probably 
been previously lilted with loose bobbing such as that shown in the 
diagram* above Leonardo 1 * drawing* In this ruse the fixed flier is 
revolved by a pulley, which is connected by a belt to a large wheel- 
The loose bobbin, if not heavy enough to act ns its own brake, has a 
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string which is lightly attached to some fixed part of the framework 
of the machine* Thin being passed oven the bobbin brake pulley van 
be easily made to regulate its drag to a nicety. 

At the top of the diagram (fig* 22) lire *hown two pairs of rollers, 
between which the libers to be spun are being drawn out with such 
regularity as few spinners could boast of* In a machine such rollers 
are set in a series* at very accurate distances apart, and revolved In 
the direction indicated by the arrows* T3ie front pair of rollers 
revolve more quickly tlmn the second pair, the second pair than the 
third, and so oil Consequently* as the fiber* pass between the series 
they are gradually drawn out into a fine fleecy rove which, between 
ibe front rollers and the spindle, become* twisted into fine even 
thread* 

This system of drawing out fibers by means of rollers wag in¬ 
vented by Paul in 1735 and made practical by Arkwright in 1775, 
when he patented it* His right* however, was disputed* md on trial 
die patent was annulled, hut his adaptation uf the system was soon 
generally adopted* 

When describing, in the last lecture, the primitive spinning wheel 
and the distaff ansi spindle, where the spinning and winding on were 
done alternately, I should perhaps have remarked that the finest 
threads were always produced in this manner* It is not surprising, 
therefore, that very early in the history of machine spinning it wag 
found that very fine, delicate threads could not be spun on the simul¬ 
taneous principle. To overcome this difficulty Crompton invented 
the mule machine, which imitau^ exactly the alternate twisting and 
winding of the primitive method of spinning. It was interesting to 
see at the Anglo-Japunese exhibition of 104X1 the huge English ma¬ 
chine of 2^0 spindles mutating with perfect precision the actions of 
a pretty girl in the Japanese handicraft section who was spinning 
gftssomer thread on a primitive wheel, the same kind of wheel which 
bad been in use in her country for a couple of thousand years or so, 
and which, we may hope, will In* used for an indefinite number of 
thousands of years more bv such charming little spinsters, 

Messrs. Dobson & Barlow (Ltd,), of Bohmq have ronrtconBly sent 
me five photograph-* of spinning machinery of great interest, which 
will require little explanation. 

Figure 2$ (pi 6) Is Hargreaves spinning-jenny. 

Figure 24 (pi 6) is Arkwright's water frame, so called because he 
used water as a motive power to drive it. It combines the drawing 
rollers with the fiier and bobbin attachment suggested by the spinning 
wheel then in general use* 

Figure ^5 (pi 7) is Crompton 'a mule, which he used in secret for 
some time, and mystified bin neighbors by the quantity mid quality of 
the yarn he produced. 
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bigureiMJ i pi. 7) is a full-sized mule spinning machine by Messrs. 
Dodson & Burl on* (Ltd.), of Bolton, which works on the same princi¬ 
ple as (. romp! on's mule and the Japanese girl I referred to just now. 

i f igitre 27 t pi. 7) is a ring spinning machine, working on the prin¬ 
ciple of this Italian peasant spinning wheel—the driven bobbin and 
the loose flier. 

[Tlu> lecturer here exhibited Italian and Belgian spinning wheel?, 
having a driven bobbin and a loose flier, and demonstrated how simi¬ 
lar effects were obtained (1) by a separately driven bobbin and flier, 
("i I u driven flier and loose bobbin, and (3) by means of a driven 
bobbin and a loose flier*] 

In conclusion, as regards the spindle, although vre may congratu¬ 
late ourselves on the performances of these wonder fill thread-making 
machines and admire the inventive genius which has brought them 
to such perfection, it is interesting, (.hough perhaps chastening and 
humiliating, to note that the untutored Hindoo spinner, squatting 
on the ground with a simple toy like Hp indie, ran draw out and spin 
thread as fine, but infinitely stronger, than the must perfect machine 
of i he in all. 


I now resume the inquiry as to the development of the automatic 
loom from the point arrived at at the end of my last lecture. 

Four thousand years ago. mme or less, probably at Lho time when 
the people of the stone age in Europe were cultivating flax and spin- 
Jiing and weaving its fiber into coarse cloth, the Chinese were invent¬ 
ing improvements in their primitive weaving appliances iri order to 
adapt them to the weaving of an infinitely finer fiber than that of flax. 
This fiber was obtained by unwinding the case of the chrysalis nf the 
mulberry-feeding moth, the caterpillar of which is funilixrJr known 
os the silkworm. J 


Chinese continuous written history goes back to that remote period 
and tells that the annual festivals of agriculture and sericulture' 
which are still observed by ihq Chinese, were instituted by an Em¬ 
peror ami his wife, who themselves took leading parts in the festival 
the Emperor plowing a furrow and the EmprL unwinding 

sjsrsr “ •*——-*3* 

Tl,k Empress i, still highly | l01Mrrf C | lin (i 

»r, m»do to her ... the JeotivL She i» he.. gre „ t ,™,rf 

S"“ 7 B “ C1,i “ MC h “" «•> W-w tbeXo thread 

w «”» .I«! to became the I*st™d 

r,*e4 do Itrf people the world. This prwntmeaee Hot hlv, 

rf tlZZSHZ 1 T 01 ” 1 -’' “ 1 ‘ 1 M1,,M ‘“WP 

s^s-faisssfiSiL*■ 6tr "" 6Kt ' ■* -- 


S^i“.Knmi*fi Rspn^t. 1914—Katipa* 


Plate 7. 
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The t>iik fibers oil being unwound from the cocoon, is found to be 
n continuous, double thread of about the four-thousandth part of an 
inch in diameter. It tabes from fl rt 

eighty to a hundred threads of —* 

mi turn) fcsilk to make up one 
thread of Lise sue of the finest 
spun fins. It may be well under¬ 
stood, therefore* that special 
preparation of mile thread and 
specially delicate appliances are 
necessary for wearing it, This 
necessity proved to be. as is pro¬ 
verbially the case, the mother of 
many inventions* and there am 
lie no doubt it is from the origi¬ 
nal Chinese weaving appliances 
that almost all succeeding im¬ 
provements in looms and loom 
fittings have been derived. 

In order to describe the im¬ 
provements in the loom required 
for weaving fine silk, reference 
must be made to figure 2S m which 
shows li primitive loom fitted with 
a heddle rod for the purpose of raising the threads of the warp 
alternately with those raised by the shed slick. 


C QftQbni 


Fid. 28*— Prtmlttfr Sftmitr. ! On* 

with. IWii fa^jkijir 1 tm|Ali ) 
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Two hrddlo rods in an up¬ 
right loom would be no great, 
if any, advantage: but if the 
warp be placed horizontally, 
tlm manipulation of the suc¬ 
cessive openings for the weft 
is much more convenient for 
the weaver, who sits at the 
end of the warp instead of in 
front of it 

Figure 20 shows a very 
convenient form of Tmliau 
loom with die heddle rods 
suspended from the branch of 
a tree and having the heddle 


loops connected with another pair of roils beneath the warp* The 
lower rods have strings hanging from them, each terminating in a 
ring. By placing one of his great toes in each ring the weaver can 
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pull down either set of loops tit will nnd make alternate openings for 
tlie shuttle ciimring the weft, ITie hands are thus left free to 
manipulate the shuttle, 

Tlie addition of a long comb, equal in length to the width of the 
warp, was an immense improvement to the loom. The divisions in 
it were originally made of split reeds, hence it was called the reed, 
and is still so called, although the divisions am now always made of 
steel. 







The. effect of the long comb, with the warp threads entered in it, 

swinging in its heavy 
frame (see fig,30),was 
not only that the weft 
was beat an together 
more evenly and with 
less individual strain 
on the threads hut t)m 

width 
web 

matirally the same. 

Figure 31 is a longi¬ 
tudinal section of the 
essentia) parts of it 
loom nt the point of 
development now ar¬ 
rived at. It is lettered 
for reference. A is the 
roller on which the 
warp is wound in the 
first instance. U is the 
roller onto which the 
woven cloth passes. 
C C are the sticks pre¬ 
serving the cross 
which keeps the warp 
in order. 1) is one of 
two pulleys suspended 
from the top 

]<mm frame, over which cords pass after living attached to 
of the top laths of the two heddles. At E ore two treadles who 
tied to the lower laths of the he tidies. Between the 1,eddies and 
teed is shown suspended. 

. ?!? ,s ™pre3ented depressed. Tl.is has pulled down one 

« “ C i th l?* her sequence of the cord which passes 
r the pulley D. Tins movement has effected nn opening in the 
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warp at F, which 1 between the roller B mill the reed is wide enough 
for passing the weft through. 

The successful weaving of plain silk necessitates a development 
of die loom to this point. It is therefore reasonable to credit die 
Chinese* who until the third century A. B. were the monopolists of 
silk and silk weaving, with nil these essential contrivances. Subse¬ 
quently to the third century tbe*e inventions spread through the East 
generally and finally to Europe, first to Spain, and Italy; then to 
Franco, Germany, and England, It is remarkable that the loom of 
to-day, on which the very Iwal silk fabrics are woven, should in all 
essentia] points he the same as the loom* of ancient China, 



Fhf. ai—SfrfUnn of opwiiMl warp, 

I p igure 32 (pL 8) is from a sketch I drew from life in a Bethnal 
Green silk weaver's workshop a few weeks ago. The weavers^ is 
making a rich black satin, which will bo all but perfect when it is cut 
out of the loom, and will require no after artificial finishing to make it 
ready for sale. The loom is arranged in the simple manner described, 
except that us the weaving of satin requires more heddleg than plain 
id Ik eight heddles instead of two «inly are shown. 

The first impression given by figure 83* which b a diagram of an 
English loom s is one cpf sturdy strength. Strength and the perfect 
adjustment of the various parts of the loom are prime requisites 
whom rapid and accurate weaving are desired 

Figure M (pi. S) is from a manuscript of the fourteenth century 
and re presents an English silk weaver of the period at his loom. 
Whether the weaver is In correct costume I can not sny T but the loom 
and its fittings arc unite recognisable and like the loom of to-day, 
ttscept for their slightness 
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1 tpl* •*} is from a Ter} 1 old Chinese draw ing. It is one of 

«» set of pictures representing the operations of sericulture. The first 
edmon of the book from which it is taken is said to be of tbe twelfth 
century- A. L>. 

It is the representation of ft very perfect hand loom for silk wear- 
lug. The weaver is shown sitting on the edge of a square hole in the 
ground, in which a set of treadles are seen. The framework of the 
loom is very carefully and solidly constructed. The front or doth 
beam la shown with the wed hanging freely between it and the lied- 
dies. The hack, or warp beam, is out of the picture, and the warp 
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The loom having two jsete of hwldles shows that soma kind of pat 
tern is being woven. As, however* ul present I am speaking of the 
loom for plain or satin weaving, the second set of heddies need not 


concern us* 


When the warp threads are very coarse and few in number, two 
heddles are sufficient for threading the warp, hut when fine silk fab¬ 
rics are to be woven* having three or four hundred threads to an inch, 
it is necessary to have several pairs of 1 teddies in order to prevent 
the leashes, through which the silk is thread#!, from being too 
crowded. In this Chinese loom the front harness, as a collection of 
heddies is rolled, consists nf 10 separate heddles, Tn all looms the 
threads of the warp are passed through the eyes in the leashes of [lie 
heddJes in regular order. 


The first thread k passed through the first leash of the first Ucddh\ 
the second thread through the first leash of the second huddle, then 
l! i rough the first of the 

on until Q 


third, and so 
nil lire filled, 

[The lecturer here 
drew a diagram on the 
blac k bon rd i II LLstra ting 
the method of entering 
a warp in the harness,] 
To manage this set 
of 10, or any even num¬ 
ber of heddles, only *2 
treadles arc necessary 
for plain or tabby weav¬ 
ing. The heJdies arc 



HilE 
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firsi joined together in pairs at the top, each pair having its two 
separate pulleys, m in the typical English loom* {Fig* 33.) The 
bottom laths of the first, third, fifth, seventh, and ninth heddlea are 
then all connected with one treadle, and those of the second, fourth, 
sixth, eighth, and tenth heddies are joined to the other treadle, 

Xow r . ii k manifest that if the first treadle be depressed half the 
warp, consisting of the first and all the odd-numbered threads, will 
be drawn down and the second and all the even-numbered threads 
will be drawn up. This will make the same opening for the weft as 
If there were only 2 Instead of 10 he tidies. 

In order li> make this quite clear* the plan and tie-up of the pattern, 
us it h colled, k given at figure 30. 

This arrangement being at first made for plain tabby weaving of ti 
close warp of fine threads* it would soon be discovered that by in¬ 
creasing the number of treadles and tying them to the heddles In dif¬ 
ferent wavs the uiterLaceiiicnts of warp and weft might be varied 
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to an astonishing extern and result in the production of an infinite 
variety of small patterns. 

Figured? gives, for example, four designs, which can he made on a 
loom fitted with four beddles and four treadles. If the threads of 
warp and we ft are coarse enough* and the former while and the hitter 
black, the designs would show as distinctly when woven as they do 
drawn out m the diagram. 

There is not time, nor is it indeed necessary for our present pur¬ 
pose, to describe the wuy in which these designs are formed. All 
that is required is to note their possibility and to shnw how ihk pos- 
si hi lily affected the development of the loom itself, 

A further emmnation of this n indent Chinese loom will show' that 
nut only arc there more than two treadles In use, but instead of the 
huddled being tied together in pairs, as for plain weaving* each hud¬ 



dle is connected with one nf 
a set of level's which in 
their turn are joined by a 
cord tfi the treadles. 

Figure 38 represents, with* 
out other details of the loom, 
two typical shedding mo¬ 
tions, as any arrangement 
for opening the shed for the 
weft is called. In both 
these motions^ m in the Chi¬ 
nese loom! the arrangement 
is one of heddies, lovers, unci treadles connected together by cords. 
Below each diagram n longitudinal section of a loom at work 13 
shown. 


It ts Interesting to note that these ancient. shedding motions are 
stall in use* ^Mk fabrics made on hand looms fitted with these mo¬ 
tions can nut be equaled by webs woven on any machine loom vet 
invented. 


Figure 8$ {ph fi) which I drew from a Bethnal Green workshop, us 
it now Is, shows » silk loom with precisely the same fitting up as the 
Chinese nrttM has drawn* 

Trp return to the shedding motions (fig 38), in the right-hand 
figure the hinldles A A have lead weights, B B, on their lower 
shafts. If. (herefore, any of the four huddles }.ks roifeedj as soon as 
they are n leased the weights will bring them down to their normal 
Potion* At the top «f the loom, letter C, four short strong levers 
are 11**1 r,h «» ™>n rod, which pusses through u hole in their centers* 
From one end of each of these levers a huddle is suspended; and from 
the other end a cord hangs and connects each shore lever with a long 
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one, D D, which lmngs across the loom below the 1 1 eddies and above 
the treadles, which are lettered E, 

It will now be seen tliat if any one or more of the long levers be 
tied to any one of the treadles, the weaver sitting in the loom has 
only to select and press a treadle in order to raise any arranged com¬ 
bination of warp threads for the weft to pass under as it is carried 
by the shuttle through the opened shed. 



PlQ^ £[H.—^tmfhlLitc iJidtiffttA. 


The character of the shed made by this motion is shown abom 
The horizontal lino is the normal position of the warp. The opening 
is made by raising certain selected threads* 

An examination of the section below So. 2 will show that in it not 
only are certain threads of ilte warp raised, but all others are lowered, 
and the horizontal line of warp has disappeared. This is effected by 
adding to the motion another set of short, levers, marked i: F, , ’ , be¬ 
tween the long ones and the huddles, and connecting the lower shafts 
of the heddies with them after removing the weights. If, now, for 
example, the first thread be required to Ha* and the second, third, 
and fourth threads to sink, the first treadle will be tier] to the first 
long lever, and nls<> to the second, third, and fourth -dmrS levers. 
The result of this will be that when the treadle is depitissed the first 
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gftl re 40 
the hue 


hodtlk' will be raised und the second, third* and fourth teddies will 
'fink,, thus making (lie required shed* 

Uio^i. 1 ;tr# typical shedding motions* All oilier motions are ba&ed 
on me kind or the other of these types, each kind having its advan¬ 
tages for certain 
classes of weaving. 

I have ilI ready 
poi ft ted out that 
sncli patterns as 
those of figure 
woven of single 
threads, require the 
thread itself to be 
coarse in size in 
order to show as de¬ 
signs. But such de¬ 
signs* woven in 


noineft1 1 have a 
marked vlfcct on the 
appearance of the 
texture of the web. 
The Chinese early 
discovered this fact, 
and it was for their 
various beautiful 
and rich textures 
that the woven silks; 
of Ch in a wero so 
much prized in das- 

41 r" I t ni uL* 

rep lu¬ 
ck and 
iront surfaces of a 
fpxirh«ii« <rr ^| l square of silk tex¬ 

tile, which 

have been woten in ancient C hina on a loom fitted up us I haw 
dcscrilKd It would require » heddle* and 1G treadles to weave it 
uad the thmda nre so fine nod U* closely that the whole piece' 
shown would be only the one-thou&imltli part of a square Inch b size 
Inking at the lower wiuiro. which is the front of the material, it 
Willlie seen thru the surface i* nearly all warp, and that the inter- 
gectiom* of the weft only occur at intervals of 10 spaces each way. In 
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doth of this pattern the intersections of the weft are invisible; there¬ 
fore its whole surface has the rich texture and glossy appearance 
known ns satin. In the same proportion ns the front of the satin 
web is nearly all warp, the hack, of course, displays the weft. In 
pattern weaving these effects an? called, respectively, warp satins and 
weft satins. 



S a tins may be made on different numbers nf heddles, from o up to 
24 Figure II 
shows several of 
them drafted on 
designers 1 ruled 
paper* 

The next step 
in the evolution 
of the loom w s as 
to adapt it for 
distinct pattern 
weaving. This 
was effected by 
adding a second 
set of heddlea to 
the harness, mak¬ 
ing it what is 
called a com¬ 
pound harness. 

This compound 
mounting is 
shown in the 
Chinese drawing. 

The front set of 
10 heddles is for 
making the 
groundwork of 

the fabric, and r^w*.** 


the back set of five is for raising the figure, as the design is usually 
culled in weaving. 

Here is a very simple figure ifig, 42), which will well illustrate the 
method of double harness pattern weaving* It is of a kind, too, of 
which the Chinese are very fond, having spots of ornamental shape 
powdered over n plain ground. Moreover* it could be woven on a 
loom fitted up exactly in the Chinese picture. 

The ground of this design is n plain tabby silk* I^h»ve already 
nhown how this can be woven in a harness of 10 hedges by means 
tiff 2 treadles. Five other treadles would* however, have to be added 
iti order to work the figure harness* one for each heddk. 
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For double harness weaving loo, the leashes of the heddlrs of the 
front harness have an important peculiarity which must Ik? described; 
for* though simple, it plays a most essential part in all pattern weav¬ 
ing with compound harness. 

In tliia class, of weaving each warp thread passes first through the 
eyes of the figure harness and then through those of the front harness, 
which makes the ground* Now, if both harnesses ft re alike fitted 
with leashes having the ordinary short eves* only the front one can 
a (feet the abed. This is because any threads raised by the back 
harness tire prevented from effectually rising in the reed by the leashes 
of the front harness. 

If* however* the front barney eyes tire made long enough to allow 

the warp threads to be lifted., the 
hack harness will he free to affect 
the shed at the sumo time as the 
front harness, or to affect It alter¬ 
nately as may lie required The 
diagram (fig. 43) will make this 
dear. 

If, now. we turn again to figure 
42* the part played by the figure 
harness can readily be explained* 
The points to notice are; (1) 
Two extra wefts are required for 
weaving in the design which has 
two separate colors of its own; 
(2) the figure Is fanned by allow¬ 
ing the colored weft an certain 
places to pass over two threads of 
the warp instead of one; (8) the 
necessity for five heddles in the 
fiptre harness fa to U gathered from the fact that five different com¬ 
binations of pairs of rising threads are required to complete the 
design, (h as the figure throughout i$ made hy two threads rising 
together, two threads together may be entered in each eye of the 
figure harness. 

If this explanation is clear, it is only necessary to add tbar in silk 
weaving not only 2, but some limes as many ns 20, warp threads are 
entered in each leash eye of the figure Imrncss, Therefore, it is 
evident that the possible scale of o*n amenta lion and scope for the 
designer ate immensely increased. For imdimce,, this figure woven 
on two threads, ns explained, on a fine silk warp of 400 threads to an 
inch* would only occupy lhe sixteenth of an Inch in width and height* 
but if 20 i breads were entered together in each leash eye of the figure 
harness the size of die ornament would be Increased 10 diameters 
and would occupy nearly a inch of surface* 
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There is, therefore, represented \n this old Chinese drawing (lig. 
35. pi. fi) a very perfect hana for weaving small designs of simple 
construction- The limit of siz* and elaboration of the pattern in this 
kind of loom is, however, reached when the number of figure treadles 
and Imlilles becomes too great for practical use. There is no evidence 
of the Chinese hav¬ 
ing endeavored to 
weave with an elab¬ 
orate system of hed- 
dles and trendies 
such ii a were ingen- 
* tously devised in 
England 
eighteenth 

but which* being 
very difficult to lit 
up and manage, 
were soon super¬ 
seded. 

Figure U (ph 10) , 
taken from the same 
(."billed book us the 
foregoing C h i n e se 
drawing, shows, in a 
compound loom, a 
figure harness of en¬ 
tirely different con¬ 
struction, which is gj 1 I hill® 

evidently made on 
the same principles 
as the perfected 
European Jraw- 
ioom of the eight¬ 
eenth century, on 
which were woven 
the most sumptuous 

and intricate webs which the weaver's art has ever produced, 
representation of a pattern weaving loom* instead of the small 
harness of five lieddles. a large one of quite different build h shown. 
Over this harness an assistant weaver* perched aloft at die back of 
the loom, is presiding. He is, in fart* drawing up, according to an 
arranged pkn, certain groups of threads required for the formation 
of a pattern. The all-import ant part of this picture in the portion 
of the loom over which the assistant weaver is presiding. 


Fra. ^—tkauhtf hanicBi mtUM* 
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Taken by itself, it is a complete loom harness of remarkable capac¬ 
ity, In fact, for automatic pattern weaving, n loom fitted with this 
contrivance for raising the. warp threads only is complete in its 
way m the perfected primitive loom is for tapestry weaving, a^ 1 
pointed out in the last lecture. 

Although the Chinese picture represents whnt is unmistakably a 
draw doom apparatus, it is not clear enough in detail to describe the 
machine from- I must, therefore, have recourse to a diagram* (Fig. 

45 *> 

Here* at Ni>» 1. I have represented iii diagram ninth- form the simple 
draw loom and at No. -f a design mi ruled paper suited to its capac¬ 
ity, which Shi purposely kept very limited for the sake of c learn 

The whole mech- 
an ism of the draw 
loom centers in the 
comber board an cl 
leashes which hang 
in the loom in 
place of the ordi¬ 
nary harness of 
few or many lied- 
dies. The advan¬ 
tage of the comber 
hoard ru o lit u re 
over the ordinary 
heddle harness is 
that w h 3i t e v e r 
width a design 
may be, even to the 
whole extent of the 
warp, the monturc 
takes up no more longitudinal space in the loom than a harness of 
n few heddh-s. 

1 he comber board* No, -h is simply a board pierced with n number 
of holes equal to the number of threads of the warp which it is to 
govern. 



N*. 2. 




No. 3. 


Flu. 45.—Tlnw-twni liin^meaii. 


In each of theso holes ;i separate leash is hung, Euch leash bus n 
long, thin In.I weight tit its bottom end; and in its center, instead of 
ii string loop, n glass eye called u mail, through which a witrp thread 
is entered. 

The comber board in the diagram in only pierced with T2 holes j 
1 Uiin for ii wnrp of 72 i hreads. If it ivere for 72.000 
threads iff fine -ilk, it would not take appreciably more spnoo j n the 

loom. 
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The drafted design at Xo. 2 m made on IS Lateral squares ^o that 
it would repeat four times in the width of tin' web to be woven. 

Hie word “ comber ” board is derived from an older word* 
4t cumber*" wludi used to signify the repeats of a design as regards 
width. The board wns called ll camber board because the holes 
pierced in it were accurately apportioned to the number of threads in 
each pattern repeat, and the width of the total number of holes was 
the same as the width of the warp. 

In tills comber board (fig* tr>) there are holes for four repeats 
of 18 leasing but. only sis leashes of each repeat are shown in posi¬ 
tion, as more would confuse the drawing 

The bottom board of the triangular box C is pierced with IB holes, 
the same number os that of the threads in each repeat of the design. 

Let us suppose the cumber board to be filled with leashes, one sus¬ 
pended in each hole; also that IB cords arc hanging through the holes 
in the triangular bos at IX 

Hie moutline builder now eonnecl-> with fine cord, the brat, nine¬ 
teenth, thirty-seventh, and fifty-fifth leashes, which are the first iu 
every repeat with the first hanging cord at I>. 

He next takes the second leasli in each repeat, and connects it in 
like ni;> finer with the second coni ut TX 

He proceeds thus in regulur order iu connect leashes mid top cords 
until he readier the last of the repeats, leashes 18. 54, and 72, 

When this work is done it is apparent that if any one cord at D 
is drawn up into the triangular bos the corresponding leashes in even- 
repeat will be drawn up through the comber board to a correspond¬ 
ing height. 

Moreover, if 72 threads of warp are entered in the leash eyes, the 
selected leashes a# they rise will raise the threads necessary for the 
formation of the pattern shed. 

This is die essential portion of die draw loom, and so far h it 
from being obsolete that all the pattern-weaving looms of to-day T 
whether worked by hand or power, are identical with it* Thus the 
immense textile industry of modern times is indebted to and linked 
with the invention and industry of ancient China. 

Vast numbers of different methods of drawing up the curds of the 
loom were no doubt practiced in the East. Most frequently, as in the 
Chinese picture (fig. 44* pL 10), the weavers assistant who did this 
work fist above the loom drawing the cords line by line according to 
a written or painted draft. 

There h* no evidence to show what form this part of the loom had 
assumed when the art of silk pattern weaving was introduced into 
Sicily in the twelfth century- The rapid development of silk weav¬ 
ing in Sicily and Italy, which we know took place makes it mule 
than probable that the convenient method of drawing the cords from, 
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the ride of the loom, as shown in this diagram (fig* 45). was invented 
soon nfter the art was introduced. However, when introduced or by 
whom invented t it is certain that It was on looms mounted and fitted 
up in this manner that the masterpieces of the weaver’s art. made in 
Europe from the thirteenth to the eighteenth centuries,, were pro¬ 
duced. 

I resume the explanation of the diagram of the draw loom (fig. 45) 
at the point P* where the IS cords are seen to enter the triangular 
box C. This box b fitted up with pulleys* IS in number. Each cord 
pusses over n pulley and is seen again at E. The collection of IS 
cord*, called the tail of the inontnre, is then securely fastened to the 
wall of the workshop, or some convenient strong poet. 

Between F and F another series of 18 cords^ called the simple, is 
tied to the tail i^ries and flistened to the ground, 

A simplified diagram, showing one cord In nil its parts, is given 
in Xd, 4. 

Now. it will at once be seen that if the cord A be putted down by 
an assistant standing tit the side of the loom, the eyes of the leashes 
G, through which the warp threads puss, will be pulled up. 

I I is nceeaairy, then, in the simple, to have as many cords as. there 
an 1 threads or groups of threads in each repeat of the comber hoard. 
And U is possible to waave on the loom any design, of whatever 
length, that cun tn- drawn on the number of threads arranged for iu 
each repeat, 

If we turn to the design No. i* we dial1 see that it is drawn on 18 
squares and if we compare the design with the loops tied from the 
large guiding Cords to the separate cords of the simple, we shall see 
that they agree. The black squares in the design represent a tic. 
Take the first line, beginning at the left-hand side. Here are six 
black square^. If wo follow the dotted line to the first cord of the 
simple* a gr^up of rix tics will lie found. Then passing over sis 
cords, ll group of four ties are found which correspond with the four 
black squares in the third division of the sketch* 

By means of these loops the draw boy. os he was called, selected 
the cords for pulling down, and, having gathered them together on 
the prong of a large fork, to which a lever was attached, he pulled 
the lever and drew the leashes up, thus opening the shed for the 
weaver's shuttle. 

The design had to* be tied up on the simple cords lino by line before 
weaving Could commence ; but when this was once done the drawboy 
had only to pull the cords, in regular sequence, in order to repeat the 
design continuously in the length of the web. 

On this mounting of the loom entered with single threads of warp 
any possible interlacements uf warp and weft ran be worked nut. It 
may "‘‘4J be called, therefore, the most perfect loom. Its only Yimi- 
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tation is in the size of the design, It would require ti simple of 400 
cords to tie up a design one inch wide for n silk web 400 threads to an 
inch. 

This difficulty was surmounted by adopting the compound harness 
arrangement I have already described* It is shown in the Chinese 
drawing of the pattern-weaving loom (fig, 44, pi. 10), 

If threads entered singly hi the front harness are lifted in tens by 
each leash of the figure harness, the design will be woven ID inches 
wide instead of 1 inch : the simple and tie-up being no more exten¬ 
sive or complicated. 

More elaborate interlacements of warp and weft were arranged for 
by dividing the comber board into two or even three parts, each gov¬ 
erned by a separate set of simple cords, as well ils by adding marc 
warps and rollers to the loom, and additional harnesses of hcddles 
for binders and stripes nf satin, tnbliy, or tobrne effects. In fact, 
ihere seems to be no limit to the different combinations the skillful 
designer may invent and provide for in this most perfect and adapt¬ 
able of all craftsman's tools, the compound draw Iooill 
T n my third lecture I shall describe the .Jacquard machine and 
some other important weaving inventions of the eighteenth century, 
the evolution of the power-driven loom, describe u new circular loom, 
and indicate some possible developments of the weaving machines of 
the future, 

EEL THE JACQUARTi MACHINE; PCWETt-DRITEN LOOM. 


INTRODUCTION. 

In the two previous lectures my chief turn has been to point out the 
traditional continuity nf the art of weaving and to show that all real 
advances in it have Iseen made by bringing new ideas to bear on old 
principled Thin method of advance is common not only to the tex¬ 
tile hut to all the arts of life. Man, at his best, is not a creator, hut 
an improver, and all attempts to break with tradition and to produce 
something quite original always must end in more or less grotesque 
failure. 

1 have tried to bring this truth oat as regards the hand loom and 
Hpindie, and in the present lecture I shall chiefly direct your attention 
to the same fact* as exemplified in the development of the mechanism 
of the power loom during the lust century. 

THIS MOOngtN Limn FOR rlJtlN AND ORNAMENTAL WEAVING AND ITS 
FUTURE DEVELOPMENT, 

In the curly part of the eighteen ill century* weaving, ns a handi¬ 
craft, readied in Europe its [joint of highest perfection* France, 
England} and Italy were the chief countries In which it was 
practiced. 
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At that time, in England particularly, the condition of the le-stile 
craftsman, of whatever grade, Heems 1.0 have been better than at any 
other period of which we have record* 

The weaver of tiie eighteenth century was a prosperous and respec¬ 
table tradesman, whether working in the secluded country village* in 
the suburbs of the great towns of the north and east, or near the 
metropolis in the pleasant district of Spita I fields* notable as the silk- 
weaving quarter of London, 

This happy condition of the weaver in the eighteenth century de¬ 
clined to one of misery in the nineteenth. The economic causes of 
this change are not fur to seek, but form not part of my subject- T 
only refer to this period of prosperity, as it marks an important 
stage and change of direction in the development of the loom* 

Hitherto the motive of inventors was to increase the scope and per¬ 
fection of the loom as a pattern-weaving tool- The perfection at¬ 
tained and the care bestowed on loom construction are shown in the 
beautiful illustrations of Diderot's Dictionary and other technical 
works of the period. 

During the latter portion of the eighteenth century, and since* the 
chief purpose of invention has Iwn, not excellent® of work and ex¬ 
tended capacity of the loom, but economy of time and cheapening of 
production. 

The interesting bimucs-s of weaving, from the tying up of the 
design to the picking and finishing of the woven cloth* which the 
weaver originally did himself, is now divided up amongst half n 
dozen hands/’ who only do one particular portion of the work, and 
thus monotonously perform their daily task. 

Xot only is the weaver’s work to a certain extent degraded, but 
the change from wood to iron for loom construction and the use 
of steam as a motive power, a> well as the subdivision of labor, have 
necessitated the grouping of looms in large factories, with all their 
inconveniences and attendant evils, 

Tlii=v revolution of Industry occupied more than a century and a 
half and was effected in some branches of the trade sooner than in 
others- The process is, in fact, in the beat branches of silk weaving, 
still going oil 

The fir4 indication of the coming change in the broad-weaving 
trruiv was given rts early as 1687, when Joseph Mason patented a 
machine which lie describe-] as “an engine by the help of which a 
weaver may performe the whole wnrk of weaving such stulTc as the 
great* 1 weaving trade of Norwich doth now depend on, without the 
help of a draught-boy, which engine hath been tryed and found out 
to be of great e use to the said weaving traded 
It b ncccfcttE j to die understanding of the mechanism of t \w im¬ 
portant machine which superseded it p which I shill presently fully 
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describe, to have a general idea of this drawboy machine. In order 
to give this idea, however, I must first describe the work of die 
human drawboy, For the purpose we shall need the diagram of the 
draw loom ffig. -H, pi, 10), 

[Here the lecturer again ’briefly repeated ins explanation of the 
various ports of the draw loom.] 

In a rich silk loom thane were often as many as two or three thou¬ 
sand lead weights* called lingoes, hanging three to each leash of the 
man turn. These weigh n I together a couple of hundred weight. On 
an average half of them had to Im? drawn up at every line of the de- 
sign. Moreover- their dead weight would la? so increased by the 
friction of the mul¬ 
titude of cords and 
pulleys that the 
Iwy would Imvo to 
raise and hold for 
several seconds a 
weight equal to a 
h u n d red weight 
and a half. This 
would, of course, 
la? impossible but 
for some mechnni- 
cal help. The im¬ 
plement devised 
for the boy's assist¬ 
ance was called the 
^ draw boy f a fork." 

This h shown at figure 46* The vertical lines in this diagram rep¬ 
resent the cords of the simple. 

To the left is a solid stand having two broad uprights joined to¬ 
gether at the top by two parallel bars. A is a block of hard wood, 
which fits between the bars, and is held in position by four pairs of 
small wheels. These not only support it. hut allow U to ran freely 




@ 


Flti. 4 Aj>—D raw bay'll fork. 


from end to end of the stand. 

This block, with the fork and lever attached. i< shown separately 
at E. The fork and lever are hinged to the block fit its top and ran 
he moved from the vertical to a horizontal position. When about to 
be used the block is moved till the points of the fork are just beyond 
the backmost coni of the simple, the lever being in an upright 
posh ion. 

By means of the loops tied to the simple- as shown at figure 40, the 
required cords are drawn forward and the upper prong uf the fork 
inserted in the opening thus made. Then, grasping ih* lever, the 
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boy draws it down und bolds it* The result of this is that the 
selected lingoes and leches tire drown and held up. 

At Na 2 three sections of the simple are show'll lettered B, C, and 
D. At ft the cords are at rest. At C some cords have been selected 
and the fork inserted. At D the lever has been pulled over and the 
cords drawn over with it. 

Figure 47 shows the mechanical drawboy, a machine invented in 
the seventeenth century and improved during the eighteenth. It was 
attached to the pulley cords of the loom, on which, when the machine 
was used* the tie-up of the design was made, instead of on tlie simple- 

Hie active part 
of this machine is 
the pecker t which 

bv means of two 

* 

treadles and some 
little mechanical 
arrangements h ml 
two movements: 

(1) It rocked 
from s>ide to side: 

(2) it moved, as it 
rocked. along die 
machine from one 
end to the other. 

Through holes 
in the side eross- 
pioces of the 
frame strong 
cords terminating 
in heavy weights 
were hung. To 
the tops of these 
cords the loops of 
each row of tie- 
ups were attached in regular succession. Only two rows are shown 
connected in the diagram to prevent confusion of lines. 

The flecker had a deep notch cut in its [mints and was of such a 
size that as it rocked the cord toward which it inclined caught in 
the notch. At the center of the cord a large bead was fixed. When 
the rocking pecker came in contact with this brad it pushed it and 
its cord clown and held it until the second treadle moved the pecker 
in the opposite direction. 

As the pecker traveled along the shaft each cord was drawn down 
in its turn, thus opening tha shed, line by line, for the working out 
of die pattern, 6 
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The number of line^ in the length of a design, of course, had to 
correspond with the number of cords in the machine. The drawboy 
machine was not to any great extent used for the purpose for which 
it was intended, viz. to supersede the drawboy of the compound 
figure weaving loom. 1 suspect the hoy was useful in many ways 
about the loom. and. moreover, his wages would be no great matter, 
llut late, in the eighteenth century, and well into the nineteenth, the 
machine received u good deal of attention and was improved and 
adapted for use with the treadle bund loom. It enabled the weaver 
to work any complicated system <>f 
heddles, for small-pattern fancy weav¬ 
ing. with only 2 treadles instead of 20 
or more. 

figure 48 is from Porter’s Treatise 
on Silk (183 it. It represents an im¬ 
proved drawboy machine for which 
the Society of Arts awarded a prize in 
1801. Further improvements were 
made later, hut it was finally super¬ 
seded by the famous machine which 
was perfected by Joseph Marie Jac¬ 
quard, and known in England as the 
M Jacks rd" machine. 

There con be no doubt that it is to 
Jacquard that the credit of rendering 
this machine thoroughly practical is 
due, although it Inis been proved that- 
tile fundamental idea of it, which con¬ 
sists in substituting for the weaverV 
tie-up a band of perforated paper was first applied to the draw loom 
in 1725. while in 1728 a chain of cards was substituted for the paper 
and a perforated cylinder also added. 

These early contrivances were placed by the side of the loom and 
worked by nn assistant. In 1745 Vnucanson placed the apparatus at 
the top of the loom and made the cylinder rotate automatically. But 
it was reserved for Jacquard to carry the machine to such perfection 
that, ulthough many alight improvements have since been made in it, 
it remains to-day practically the same as he introduced it in 1801, 
notwithstanding the astonishing development of textile machinery 
during the nineteenth century and the universal adoption of the 
machine both for Imnd and power weaving. 

Although the invention was introduced to the French public In 
1601, it was not till 1820 that a few Jacquard machines were smuggled 
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into England and secretly set up. In spite of much opposition they 
soon came into general use* first and particularly for hand looms and 
silk wearing* bill afterwards for power looms, all kinds of fancy and 
orna m en tal webs l>eiug since their adoption woven by their means. 

May 1 here repeat and emphasize that the invention of the Jacquard 
machine did not alter in the least the draw-loom method of pattern 
weaving? It only took the place of the draiiboy and the pulley 
bo*, and substituted the endless* band of perforated cards for the 
weaver's tie-up. 

The de&igns, too* drafted on ruled paper* would l*e worked out 
in precisely the siiiue manner* whether fur tying up on the cords of 


a simple or for punching in a 
set of Jacquard cards. Each 
card, in fact, takes the place 
of one row of loops of the 
tie-up. 



The term Jacquard weaving, 
then, which one so often hears 
used, is n misnomer. It should 
be draw-loom weaving with a 
Jacquard machine, the ma¬ 
chine being only an ingenious 
substitute for a less compact 
anil manageable adjunct of 
the dmw loom, an adjunct, 
moreover, which* as we have 


h*ia r ill,—nl mq cMup, 4 Kmnt 
ctmitoL) 


seen* has continually varied from the time of the invention of this 
form of loom. After the draw loom itself I should class the Jacquard 
machine ns the most important invention in textile mechanism. It 
therefore claims a careful description, 

Figure tft i* a drawing of the front elevation of a 400 Jacquard 
machine. The number 400 refer- to the number of needles and hook* 
with which the machine h fitted up. These needles and hoofcs an¬ 
swer to the number of the simple cords of the draw loom, A design 
is still technically spoken of as being drafted for so many cords. 

The position the machine in the loom is at the top. where it is 
fixed on a solid frame just over the comber board* usually with its end 
to the fi out of the loom* so that the elevation shown in the figure is 
parallel with the side of the loom frame. 
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In this drawing r*0 wire hooks arc seen standing upright on the 
bottom board of the machine* The best tom board h perforated with 
us many holes ;us there are hooks in the machine, in this ease 400. 
The hooks rep Evented are only one rank out of eight, which the ina^ 
chine contains. Each hole in the bottom hoard has a dent or groove 
cut across the top. in which 
the bent end of the wire hook 
resits* This keeps the hook 
firmly in position, especially 
when the necking cords of 
the harness are brought tip 
through the holes and looped 
on to the wire, 

Figure 50 gives two sec¬ 
tions of tiie machine* one 
showing it at rest and the 
other showing it in action* 

In both sections B hooks are 
drawn, l from each rank of 50, 

The hooks have the necking 
cords attached at the lower 
ends, and just below the small 
hook at the top may W r seen a set of eight wires crossing them tit 
right angles. Each of these wires, called needles, i-i bent into n loop 
or eye* where it crosses one of the hooks, and it is because the hook 
is passed through this eye that it is retained in an upright position. 
Figure 51 will show' this arrangement, quite dearly. 

Each hook thus resting on ihe bottom hoard, and held down by 

the weight of the leashes of 
the harness, though supported 
at the top by the eye of the 
needle, through which it 
passes* Ik still free to rise and 
raise with it the leash or 
leashes to which it b attached. 

Leaving the hooks thus 
standing, let us consider the 
arrangement for lifting them. 

Above the hooks die section 
of a solid block of heavy wood 
or iron is shawm This block runs from end ta end of the machine, 
and has projections at its ends which lit into the narrow spaces 
between the two poire of uprights of the machine frame in such a 
manner that the block can be caused to slide up aud down steadily 
but freely. 
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Now, let us look at the block in the drawing of the from elevation 
(fig, 49) andthen at a drawing showing the block In detail, separately. 

The lever for raising the block, Swing extended to a convenient 
length* \b connected by a rope to a treadle worked by the weaver’s 
foot in the hand loom* nr by any ordinary mechanical arrangement 
in the power loom* 

Figure 52 gives ns details of the block ( I \ as seen in front eleva¬ 
tion; (2) from above; and (3) from the end. 

The block* the lever* and the arrangements for sliding up and 
down ure already explained. Hut hanging from the block is a kind 
of gridiron, called by the weaver ll * grille,* which requires careful 
notice. Near each end of the block a Elat plate of Iron is firmly fixed* 
The shape of the plate is shown at Xn* 3* ami between the plates, 
eight bars of hoop iron are fitted, us at No* 2 . These burn are placed 

diagonally (see No* $) 
and their top edges are 
sharpened so as to fit 
under the carefully made 
small hooks at the top 
ends of the upright wires 
as they stand in their sev¬ 
eral rows. 

The first section of fig¬ 
ure 50 shows the block at 
its lowest position, with 
the hooks caught on the 
bars of the grille, Should the block now- be raised the whole of 
the loo hooks will be drawn up and the whole warp will rise with 
them. When released* of course, all w ill fall together, pulled down 
by the lead weights. Again, if the projecting eiuLs of the needles 
are pushed inward, the needle eyes will deflect the hook? and remove 
them from the grille* w hich will then* if the block be raised, rise bv 
itself, leaving the hooks* leashes and warp nil down, :is tn section 2 + 

In section 2 the points of the needles ate seen tn pass through and 
project bey am I the surface of an accurately perforated board fixed 
to the front of the machine frame opposite the needles. Hung in the 
frame, hinged to the top of the machine, is a four-sided revolving 
bar* or cylinder* each side being perforated so ns to match exact I v 
I he perforations of the needle board. 

If the flap* with the cylinder in it* be pressed against she board* 
and the blade raised* nothing dilfereut will happen,because the points 
of the needles will have been free to enter the holes in the cylinder. 
If, however, a card covering alt the hole^ be fixed to one side of the 
cylinder and the cylinder then be brought dot* up, presenting each 
side in regular succtrekm, every time the card crimes in contact with 
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the needle points the needles will l*e pressed inward, push the honks 
off the bars of the griffe* and the block will rise without them. 

It follows, then, that if we interpose between the needle points find 
the side of the cylinder, us it presses the needle board, a card per¬ 
forated according to an arranged design, wherever a hole is cove red 
by the card a needle will be pressed in, and consequently a hook will 
In? pushed off the grille bar and left down m the block rises. 

Each card, therefore, affects, in one way or another, every hook 
m the machine with its necking cords and leashes{ and these, of 
course, determine the rising or remaining down of every thread of 
the warp from edge to edge of the web. 

At the back of ihe machine a shallow box is fitted, containing 400 
small spiral springs, one for each needle. When therefore* any 
needle is pressed inward by the 
card on the cylinder, its oppo- m*—!_ 
site end is forced into the spring 
box, but as soon us the pressure 
is relaxed the needle, driven 
hack by the spring, regains its 
normal position, bolding the 
hook upright. 

The mechanical contrivances 
by means of which the cylinder 
is moved, pressed against the 
needle board anti rotated as the 
block rises and descends, are 
most ingenious, and subject to 
a great deal of variation. They 
are. however, not essential to 
the principles of the machine 
and can he passed over. Hut 
the method by which the perforated cards are adjusted to the cylin¬ 
der and Interpose between it and the needle i>oard must lie explained. 

Figure S3 shows a detached cylinder and four cards punched with 
a pattern called n four dined twill. This pattern repeats on every 
four lines; accordingly only four curds arc needed to weave it. At 
the ends of the cylinder, close to the perforations, pegs are fixed and 
holes matching these pegs in size and position are punched in the 
cards. These peg’s hold the card in its proper place, so that its per¬ 
forations correspond exactly with those of the cylinder. 

Each side of the cylinder p& it rotates, being covered with a card 
held elite*; to it by two dastie bands will press against u different mi 
of needles at each of its four movements. The fifth movement, of 
course, brings the first set of needles again into play. When, how¬ 
ever* a a is generally the ease T more than four lines of design are re- 



PIC. 53,—iaqia^] cylinder eluiI tarda. 
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quired, the cards have to in* laced together in im endless hand hung 
upon a rock at the side of the loom* and carried around the cylinder. 

The most striking advantage of the use of the Jacquard machine 
in the textile arts Ls the facility it gives for a frequent dhmjge of de¬ 
sign, It is only necessary to take down one set of cards and hang up 
another in order to change the pattern. The result of this facility 
was that the early part of the nineteenth century witnessed n perfect 
orgy of fantastic ornamentation. The mamifaeturers of till sorts 
of ornamental ailt and hue woolen textiles vied with each other in 
the number and original^* of the designs they could produce. The 
profession of designer may almost be Kaid to an outcome of the 
invention of Jacquard- Previously to this time the master weaver* 
or some person in practical touch with the looms, had Arranged the 
design, and when once tied up on the loom it was good for u lifetime- 
But with the introduction of the new draw engine, as the machine 
was called* all this was altered* and restless change of pattern and 
fashion was Lire result- 

At first the machine was only adopted in the silk trade fur the 
weaving of rich brocades mid other elaborate materials for dress or 
furniture, but ever since its introduction its use has been gradually 
extending, all kind** of plain and ornamental textile® being now made 
by its means, whether on hand or power looms, 

A:-, a work of mechanism it is truly wonderful. It can be made to 
govern all the operations of the loom except throw ing the shuttle and 
actuating the lever by which it itself works. It opens the shed for 
the pattern* however complicated, regulates the length of the design* 
changes the shuttle boxes in proper succession, rings a bell when reo 
tain points in n design requiring speviul treatment are reached, regti- 
lates the take-up of the woven cloth on the front roller, and works out 
many other details, id I hy means of a few holes punched in a set of 
Curds- Its great defects ate the dreadful noise it makes, the ease 
with which it gets out of order, atid the difficulty of putting it right 
These render it only suitable for factory use^ where noise does not 
seem to matter, and where a machinist is constantly at hand to keep 
the mechanism in good order. 

I have traced the development of the hand h*om s from its 
moM primitive form to one uf a high degree of perfection, ns n tool 
for the skillful artificer. Here I mart at present leave it and turn 
to a brief consideration of the machine loom actuated by steam or 
other power. 

In urder to hud the earliest recorded attempt to Weave by power 
wc nmst carry our imagination buck to the hitter part of the six- 
teenth century and look in on the fathers of the city of Danzig In 
coinu'd chamber solemnly a^mMed. They are deciding the fate of 
u prisoner accused and found guilty of the crime uf inventing a very 
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ingenious machine for weaving narrow tape several breadths at a 
time. 

The council, having carefully comddemi the machine, and bear¬ 
ing in mind the state of the trade* were “afraid Dint by this inven¬ 
tion a great many workmen might be reduced to beggary/" They* 
therefore, mercifully ordered the machine to lie suppressed and the 
inventor of It to be privately strangled or drowned! 

The weaving trade has always been divided into two great 
branches. The broad weavers made stuffs for garments and furni¬ 
ture seldom less than 21 inches wide. The narrow branch weavers 
make ribbons* inces, tapes, braids* galloons, and such like goods* and 
of course when these were only woven in 
single widths on hand looms vast num¬ 
bers of persons were employed in weav¬ 
ing them. There was a gs'eat demand 
for such goods in the middle ages. 

Figure 54 (pi. 10) shows a narrow 
weaver at work on a hand loom. I dis¬ 
covered him the other day in a small 
trimming factory near Piccadilly Cir¬ 
cus. The loom he is working nt is an 
actual survival of the eighteenth cen¬ 
tury. There arc several others in use at 
the same factory, where braids and 
trimmings for high-dass furniture are 
always being made* 

Attempts were made at various times 
in the seventeenth century to introduce 
the machine tape loom, but complaints 
and rioting prevented them succeeding. 

It w as not until the eighteenth century 
that prohibitions were finally revoked, and the Dutch bar loom, us it 
wus called, came into general wse. 

An illustration of this loom is given in the great French mechani¬ 
cal encyclopedia published in 1786. It is reproduced in figure 55. 

The reason why the ribbon loom "was so readily mad? workable by 
power was because it did not require the one movement which 1ms 
always been the great obstacle in the way of weaving brood webs 
on machine looms—that is t the throw of the -buttle. Kay. not so 
much the throw* but the catch of the shuttle. 

Figure 5G shows the graceful operation on which good weaving 
depends, an operation which has never yet been successfully imitated 
by machinery and probably never will be- 
The operations of the loom in weaving ure four in number: To 
open the abed* to throw and catch the shuttle, to beat the weft to- 
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gather, and to wind up the woven doth. All tbe^ except the second, 
arc comparatively easy to arrange for,, even in broad weaving, by 
means of a power-driven turning abaft furnished with cranks and ec¬ 
centrics* fitted up in some convenient position in the loom. In narrow 
weaving the spaces of warp are ay small that the passing through 
of the several shuttles presents no difficulty t consequently the inven¬ 
tion of n practical automatic machine loom for narrow weaving was 
an early one. 

Many attempts were made in the seventeenth and early part of the 
eighteenth century to weave broad webs by power, but they uli failed 
ia solve, the problem of the shuttle. It has been pad ially overcome 
since, but the great defect of the machine loom to-day is in the driv¬ 
ing and catching of the shuttle. 

The invention which partially solved 
the difficulty and eventually rendered 
the machine loom practicable was the fly 
shut Lie, intended by John Kay, iter in¬ 
ventor, for use on the hand loom* Its 
purpose was to enable the weaver to 
weave, without the aid of on assistant* 
wider webs than he could manipulate 
with the hand shuttle. 

Figure 57 represents the batten used 
for the fly shuttle and should be com¬ 
pared with the hand shuttle (fig, oft). 

The difference between hand shuttling 
and fly shuttling can almost be distin¬ 
guished bv comparing the two shuttles 
used. The hand shuttle is slightly 
curved and adapted nicely to the posi¬ 
tion of the weavers fingers* The fly shuttle, on the contrary, is 
rigidly straight, so that it flies along in front of the reed, without any 
bias, from one end of the nice to the other. 

Comparing the buttons, it is seen that the race block of the fly- 
shuttle button i* elongated at the ends. On these ends the shuttle can 
stand dear of the cloth which is lading woven* and which is* of course, 
never wider than the reed. 

These elongated ends have a bar of wood so fixed in the front that 
there is just room for the shuttle to run in and rest between it and 
the back of the shuttle box, as the elongated end is called. 

Above the shuttle there is a thin, smooth iron har s and on this the 
driver (enlarged at F), made of tough leather* is fitted so that it will 
easily slip from end to end of the box* Both boxes are furnished 
with drivers anil are lilted up in exactly the same manner. The two 
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drivers arc connected by a thin, loose cord, haring at its center si 
handle. The loose cord is suspended from die bar above it merely 
in order to keep U off the level of die web. To drive the shuttle 
across the race, the weaver grasps the stick, after placing the shuttle 
in the l>ox near the driver, and, with a sodden jerk to the side he 
wishes to send the shuttle, pulls the driver along the bar with just 
sufficient force to drive the shuttle into the opposite box. By n 
slight turn of the wrist—which is difficult to acquire and impossible 
io imitate bv a machine—the opposite driver is brought forward to 
meet die shuttle as it enters the box. If this lx- properly done there 
will not be the least rebound, and the weft will be laid evenly and 
straight. If, on die contrary, the shuttle be allowed to rebound, the 
about uf weft will be loose, and when beaten down by the reed will 
show kinks and loops. Moreover, the edges of the web will be 
uneven. 

Previously to this invention all attempts to pass the weft through 
the died in machine looms failed to achieve anything like the speed 
of the band-thrown shuttle; consequently they could not compete 
with the hand loom. Even when the fly-shuttle method was adopted 
the difficulty of catching the shuttle baffled the skill of inventors for 
many years. 

The attempts of inventors to produce an automatic broad-weaving 
machine resulted in the construction of many weird though ingenious 
contrivances bearing more or less likeness to t lie hand loom in general 
use. Many of these were patented by their inventors, but failed to 
prove practically useful. It was not till 17Sf>, when Dr. Edmund 
Cartwright devoted himself and his fortune to mechanical invention, 
that a practical broad-weaving power loom was evolved. Dr. Cart¬ 
wright established a weaving und spinning factory at Doncaster, 
but after spending £30,000 and nine years in experiments he was 
obliged to give it up. He hud, however, succeeded in devising a 
power loom for plain weaving, which it was believed could compete 
with the hand loom. Several of his looms were bought by a Man¬ 
chester firm and set up in a factory. They are said to have performed 
their work well, but the factory was, shortly after its starting, burned 
down by an infuriated mob of hand-loom wearers* 

Figure 58 is a photograph from one of Dr. (. artwright s designs 
fora power loom. A careful examination of it and.its specifications 
shows thnl the doctor had many ideas which wf.fr long afterwards 
adopted by improvers of powcr-locm machinery. 

Figure is a drawing of a machine loam constructed by $ Jfc 
Horroeks a little later than Dr. Cartwright’? lime. It is said to havq 
become .largely.ured- H more closely resembles the fly-shuttle Uapd 
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loom than any of the other inventions. I should think it was only 
capable of weaving very fan Sty cloth. 

By the end of the eighteenth century* U is 3ft id t there were 20,000 
power looms at work in Great Britain against 25CUJ00 hand looms. 
The power looms, like the hand looms, were constructed mostly of 
wood* and must have been clumsy and uncertain in their perform¬ 
ances, Owing, Ukk to the greater strain of power weaving they 
must have quickly worn out. 



h was a long time before a convenient form for the power loom 
was generally adopted. Curiously enough, the form at length set¬ 
tled on was designed for a hand loom in 177L 
The inventor of this loom (Gg + GO) was a Mr* Almond, who ex¬ 
hibited and worked it before tbe Society of Arts, and received a 
priie of £50 for his encouragement. Its chief feature is the inverter! 
batten. U has also extra rollers, by means of which the length of the 
loom ia greatly diminished. 

A power loom erected for Mr, Montelth,, & Glasgow manufacturer, 
about the beginning of the nineteenth century by a loom builder 
named Austin is extremely like Almond's hand loom. 

Mr, Austin presented a model of this loom to the Society of Arts, 
of which figure 61 (pi U) is a repre^ntatioiL 
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Having set-tied on a general form suitable for thn power loom, 
inventors next directed their attention to bfrengthenlng it and per¬ 
fecting, us far as they could, its various part^. Take-up motions, 
contrivances for detecting broken threads, quickly stopping the loom, 
throwing the shuttle, otc„ occupied their attend oil and the loom 
Ijeoame more and more accurate 
in its different performances ns 
time went oil 

Iron took the place of wood 
all through the machine and 
the loom* actuated by steam 
power, luis by now Income, ex¬ 
cept In the matter of working 
the shuttle, a very perfect auto¬ 
matic machine. 

Figure© (pi, 11) if? a modem steam machine loom for wealing silk. 
You will notice at once how the levers for driving the shuttle* and the 
shuttle boxes, have increased in si m and strength. It was found that 
in order to catch the shuttle and prevent it rebounding its entry into 
the opposite box had to be resisted. TMs rendered it necessary that 
the shuttle itself should be enormously increased in weight, and that 
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great force should be used in driving it. Half the power expended 
in actuating the machine loom is required thus to drive the shuttle 
into the opposite opposing box. 

The addition and adaptation of the Jacquard machine to the power 
loom iras not attempted till late in the nineteenth century, but when 
that was done the loom had arrived at the point of development at 
which we find it to-day. 


























































































676 AN’XUAL KEPOBT fiMlTUSOXIAX INSTITUTION, 1014. 

A few months ago my attention was called to an illustration in the 
Manchester Guardian which represented a new weaving invention, 
and, on rending the description of it, I found that the inventor 
Mr. Whalley, of Clitheroe— claimed to have solved the problem of 
the shuttle, which I have pointed out has been the duel obstacle in 
the way of weaving by power. 

Figure 68 (ph 11) is a photograph of the new loom, which appears 
to me to bo likely to revolutionize the construction of machines for 
wearing by power. 

Although at first sight this loom seems to be altogether different 
from previous inventions, tin examination of it proves that hi most 
essential points the tradition of weaving, which 1 have attempted to 
explain, still governs it. Three great advantages are claimed for 
it—(1) it is practically noiseless; (2) the weft has no jerk nr strain 
upon it; (3) very little power is required to drive it. Jn addition to 
this, webs of between 11 and 12 feet wide are woven on it. 

There is not time for me to give an adequate description of this 
important invention, but T must notice its salient points, and show 
(1) how it differs from the ordinary power loom and {2) how the 
traditional principles of weaving are still carried on in it. 

First, as to points of difference: All the operations of the loom are 
worked out by its simply turning on its own accurately centered axis. 

By an uninterrupted circular movement in one direction the warp 
is drawn off the warp beam, the shed is opened, and the weft inserted, 
the weft itself is gently pressed close instead of being beaten together, 
and the woven web is delivered and rolled on to the cloth beam with* 
out any strain or jerk whatever. 

There is no shuttle. A case for the flexible cop of wound weft 
takes its place. The cop itself is of enormous length and holds a 
hitherto unheard-of quantity of yarn. 

While the whole loom and its fittings revolve, the cop case remains 
stationary, balanced ift the shed, and allows the weft to be drawn off 
it continuously in one direction, as. at each revolution, the successive 
sheds are opened. Thi.-s forms, of course, a spiral thread in the 
woven cloth, the cloth itself being produced in the form of an enor¬ 
mous tube. As the doth passes on to the doth beam an automatic 
knife cuts it at a place where specially woven doup selvages are made. 

So far all is new. The rest of the mechanism is an ingenious 
rearrangement of the traditional parts of a loom. The description 
of these essential parts requires a diagram of a section of the loom, 
which we hare in figure 64. 

In the center of the section is the steel axis, which runs the whole 
length of the loom. 

The perforated comber board, instead of being straight and hori¬ 
zontal, as in the ordinary loom.'is circular, and is duplicated, the 
holes being most accurately pierced. 
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The holes in these cireulnr comber boards are very close together, 
imd there are a-S many holes as there arc threads of warp. 

In each of these holes there is a long steel needle, with its eyo in 
the center, the needle itself being rather more than twice as long as 
the space between the two comber boards. 

These needles fit loosely into the holes of the comber boards, so 
that when they reach, as the loom revolves, n position above the hori¬ 
zontal center of the machine they rest against the central core of the 










loom. 

But when in turn the needles come below the horizontal center they 
project through the holes of the outer perforated circle as shown in 
the drawing. 

A thread from the warp beam is drawn through the eye of each 
needle, and, when passed through the circular reed and fastened to 
the cloth beam, will, of 
course, follow the movement 
of the needle as it falls 
against the core at the top 
or projects through the holes 
outer comber ring- 
shown at Nos* 3 and 
which are longitudinal 
sections. 

An endless band of cards, 
similar to those used for the 
Jacquard machine fits to the 
outer rim and governs the 
design. Where these cards 

have holes in them the needles fall through and draw down the warp 
thread entered in them, but where the card is plain the needle retains 
its position. This is shown at No. 5, where un open shed is repre¬ 
sented. 

9 sliows the cop of weft in its case in position for working, 
is retained by two smooth bowls of bosses fixed in their 
places on the stand nr underframework of die loom. The opened 
shed surrounds the cop case, passes along it, and when it leaves it it. 


y *—* 

FIG. (H-— S*c 11 dd (if WtoitUsr’J loom. 


of course, incloses the weft. 

By an arrangement at the top of the loom the reed is slightly 
poshed forward so that it gently presses the weft into its place as 
it posses a certain point. Very little pressure is sufficient, as only 
a few inches are affected at a time. 

Time forbids me to attempt a description of other details of the 
circular loom, some of which, no doubt, will be altered and improved. 
But sufficient has, I hope, been described for the general Idea of the 
machine to be understood, and its great achievement, the continuous 
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hefting contrivance, to be appreciated. Although the hopes of the 
inventor of this cicuhir loom may not at once lie realized. T shall lie 
surprised if the principle on which it works does not eventually be¬ 
come universally adopted for power-weaving machines*especially for 
plain or ^mill-patterned webfc 

Weaving in vast quantities, and cheaply imitating in inferior ma¬ 
terials rich damasks and brocades of import ant and elaborate design 
is, I hold, neither wise nor desirable. The use of machine looms for 
this kind of work Is therefore to lie deprecated. The tender manip¬ 
ulation required fur weaving the varying textures of the finest webs 
made in the eighteenth century, and in Chins and the Ea^t generally, 
is only possible on a loom as sensitive as the perfected draw loom, and 
by a mifLsman who. understanding every detail of the mechanism* is 
capable of controlling it. If such perfect work be required it must 
be done on a hand loom. 

This loom, however, need nut he as cumbrous as the old draw loom 
nor n* noisy and intricate as one fitted with the Jacquard machine. 
If T may don the mantle of the prophet, I should say three thing? 
will be retained and will continue the tradition of the past in the 
hand loom of the future. With an indication of these t must con¬ 
clude my lectures. 

I. The skillful manipulation of the hand shuttle for work nut too 
wide for it. and of the fly shuttle for broader webs, fan not be im¬ 
proved upon. It will therefore be retained. 

2+ The perforated comber hoard ( fig. 4 %) which., as I have showed, 
was an ancient Chinese invention, must l* retained. Probably, 
however, some arrangement of metal needle^ stirh ns those of the 
circular loom just described, will be substituted for the string leashes 
with their mails and lingoes. But a!] the upper complications of 
strings and cords will lie dispensed with. 

9. The principle of working out the design by punching holts in a 
hand of cards will he regained, although the Jacquard machine itself 
will, I imagine, In? superseded by an electromagnet placed above the 
comber board. This magnet will attract the metal needles and 
rBi^ the warp. ®me arrangement lacing made so that only those 
needles wanted for making the required shed will be raked. 

Everything else may go, and new contrivances be introduced, but 
it £b fc on some Mich hand loom as this that I can imagine the master 
weaver of the future being able, not only to produce webs as exquisite 
as rhose of the best weavers of tin? past, but to carry the art forward 
to a higher degree of perfection than it bus ever yet attained. 
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THE DEMONSTRATION PLAY SCHOOL OF t913A 


Hy Flame W- Hethkhencton. 


THEORY OF THE ORGANIZATION' OF THE PLAY SCHOOL. 

A.— TUE IDEA SUMMARIZED, WITH COM MENTIS. 

The play school is a school organization with its program of activi¬ 
ties and methods based on the central idea uf uniting the spent a- 
neons play life of the child who needs and desires leadership, with 
society's donmnd that he be iusLrucLed, It is an effort to solve the 
problems of elementary education by hannoiUEmg the child's extra 
home educational experiences through combining in one institution 
the functions of the play center and the functions of the school; 
hence the term " play school ?# 

Further, the plan correlates* through a simple iul minis treble 
grouping of the child's natural Activities and through an expansion 
of the idea of leadership, many of the apparently divergent ideals 
and methods in modern education which began with Rousseau, and T 
stimulated by recent profound social changes, have resulted m great 
educational reatleaaqesa and experimentation* 

For the litlle children the plan absorbs naturally what is sound in 
the results of educational experience since FroebeFs time and extends 
the process to the tender yearn of infancy. For the larger children 
it brings together in a practical school scheme and extends down 
the stale of years the valuable results anil the ideals that initiated 
them in many recent educational efforts, namely, the outdoor school, 
the vacation school, gardening, manual training, organized excur¬ 
sions, camps, activities of the Boy Scouts and Campfire Girls, ^ train¬ 
ing for rilkcnship,” intensive individual development , etc. 

The plan correlates and gives a balanced rclatioiLsIup between 
physical education, moral education, and cultural education. It lays 
the real foundation fur vocational training and guidance. Above 

1 A nyart to mt aiufioi n. d™ df :ht ranting m&iJub or 1 h* UttfreretEy- «f CnUAimlo, oti Ifc* 
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nil, it osiikblbhe^ u\ school practice quo of the more recent eclucAtjtiuid 
djacoTOnoa Iho necessity of loaders}dp in play from infancy to 
maturity and the educational superiority of leadership in piny to 
wist ruction, in work. It bridges Lho gap between plav and work. 

Therefore the play school may bo defined as an outdoor school 
and play center combined; where the teacher 1 s interest m centered 
in the children and their activitieSp not merely in subjects of stud v; 
i*here the educational efforts, including tho moral and sucialj are put. 
mi a bads of practical living experience nulktiug into the whole 
enihvnmetil, and where children are coiisidored both ns free active 
agents and ns immature social creatures requiring aid > social control, 
and disciplino + Instead of teacliing subjects it orgimiMos 
out of which subjects develop, an they have in racial history. The 
activiHej; urganked are the natural, more or less distinct, phases of 
Lhc child s complete life, The usual school subjects develop m 
phases of these activities. 


Li spite of the inchisivenesu of this ideal Lho play school plan as 
presented is not comridered on mvulnerahlo or perfected solution of 
the element my school problem. No school scheme cun be perfect 
60 long AS sometiung is to bo learned ahem child nature, or so long 
as society progresses, and no individual cun present a perfect solu¬ 
tion. Tliat is u race problem. But the plan seems to meet in gen¬ 
eral the fundamental test of flexibility tor progress with every 
advance in knowledge of child nature, education, or social need. 
Again, the plan is not presented in a spirit of antagonism toward the 
public school, but just the reverao. Tire widespread discontent with 
the public school is recognized, and my idea of the cause of thin dis¬ 
content is expressed. The plan proposes a st ep hi organization and 
method that will make modem ideals and tendencies ambient and 
oOicient in educational results and that will command the sympathy 
anil support of the more progressive and intelligent parents and 
teacher*, i Eds sympathy and support are essential [f the public 
school is to fulfill its functions. 

I he play school is not oven presented ns acme thing entirely new 
The scheme of organization and interpretation of activities are new' 
at least m form; and the extent of application of tire idea of loadei- 
shtp and he degree of fusion of the functions of dl0 r}lM ' s play 

SET* f* **«*' « “ * emphasis, Vet the oducauSnal 
v . f e Ult,es baa bw£ demonstrated in mmremua 
T^uZT u “‘5 i'i boys' -Id girls’ erganSi^ 

^ w S h!L ! h T *W*°*b*m in many private effort 
m a few public schools. Tim convergence towanl a fahn of dm 
school and play router is seen, on the one hand, in the tender >f 
the school to orgaiuzo the pluy life of the child, well fl£flSd 1 
Qu V’ i*d. t and, on dm other hand, in the tendency of th b t 
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round playgrounds to organise activities timl arc usually considered 
school functions. 

My own ideas * liuvo been tho product, first of reform-school work 
and then of intimate contact with the educational results of the lower 
schools through years of college teaching and experience in organizing 
play and recreation. 

While the essential elements in the theory of the piny school— 
tmrnoly, the identification of play with spontaneous living, and edu¬ 
cation with tho process of living, both controlled by soda! conditions 
and depending in results on leadership—am as sound for the organi¬ 
zation of secondary and higher education and oven the molding of 
flihdt sentiment,; and customs as for lb© organization of the education 
of infants and children, j et. this report is confined to the latter prob¬ 
lem, betaose it U fundamental to tho rest and bocauso the problems 
of organizing activities and leadorsltip am quits different after tho 
capacity to work lias been established. 

d. omatpxs of the n>:rortT. 

An interpretation of the general theory of the playschool, a d descrip¬ 
tion and explanation of its aetivitifi* are given in division© C and D, 
anil conclusions concerning the demount ration of tho summer of 1913 
are given in part two of this report [hero omitted], 

c ‘- INFLUENCES OS^EpMlNTNO THE OEt&AMES&TIOK OF TltE 
KLEMENTAEY SCHOOL. 

Tint school us a social institution and tho school process, typified 
by the curriculum, require a porpotnal reinterpretation and reorgani¬ 
zation correspandbig to advancing knowledge of child nature on tho 
oun hand, and tho demands of social progress on tho other. Since 
iliH play school is a reinterpretation, it must bo treated From both 
these standpoints. 

L Child Life and the Educational Proge^, 

(a) me child- si spqntanuty and play. 

A larger interpretation of the child's nature, especially in his play 
life, must be based on the fact that he is not merely n reflex mecha¬ 
nism responding to external stimuli, but a spontaneously active crea¬ 
ture, driven by Interred needs and hungers that are ‘fundamental 
springs of conduct. Hungering for activity, experience, ami oxpnw- 

11 ft™ 1 fwntctblrd tin plaj-KfcE*j4 wliem* ii.rv school Jof subnormal chDrjypn njtr f j^an* ft nr If ln^ 
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sion, he develops lib organic, nervous, emotional, and iiUoOflciunI 
powers in the process of gaining adjustment. 

Spontaneously curious about ids own actmtioa and those of nature, 
animals, and man, ho imitates them nil until he masters their emo¬ 
tional and ideational content, lie is spontaneously it manipulator of 
tilings, t\ juggler of impressions, and ho constructs with things and 
ideas. He is sponl: l neon-sly linguistic and “talks" until In* can ex¬ 
press what ho observes, thinks, and feels. He is spentaneously social 
and enters into social relationships anti organizations. Ho is spon¬ 
taneously suggestible and educaldc; he is n follower, an imitator, a 
hero Worshiper, craving leadership and instruction in ways of acting 
{hat will satisfy his hungers and give him adjustment. 

This spontaneous expression of energy under the stimulus of 
hungers, controlled by instincts anti modified by experience and social 
tradition and susceptible to leadership, is play. Piny is not the popu¬ 
lar “just play" nor the schoolman T s “mere pUy. 1+ It is identical 
with the child's spon Unco us living. Its relation to work will be 
considered later. 

If timo permit tori, if would he possible to show that play began to 
evolve with the capacity to use experience and chnn^o ways of acting, 
L e., with the beginning of the evolution of intellecL It is just as 
deep in meaning as either the intellect or Ihe will. Its function is to 
develop the latent plastic powers of rational man and keep him 
flexible through adult life. Play is the central element in the scheme 
of human nature that makes* volition possible. 

Infancy, biologically speaking, is a period for parental care during 
which time systems of nervous connections, feelings, and ideas are 
developed together through play in order that the nerve paths may 
be controlled in volitional or rational conduct. 1 Without play man 
is inconceivable; play makes volition and rational living possible 
There is no meaning to the phrase “more pl*y, Jt for play m the most 
important activity in life. 

Play k nattiru's method of education- Why 3 Because education, 
in its broadest sense, is identical with the process of living. More 
specific ally it is learning how to live through experience. But ex¬ 
perience etiinc* only as the result of activity, and pky is the funda¬ 
mental form of all developmental activity. It is spontaneous living. 
Out of tho various reactions upon the onviroimieut that we call 
experience conies tho development of tho instincts and emotions and 
the experience that makes for knowledge* character, and adjustment. 

Schools, books, libraries, laboratories, ami museums arc only 
devices to give opportunities for activity. All these are worthless 
and tho teacher k impotent without the activity of the individual to 
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bo educated; and play, as haA boon said, k the primary form of 
this activity. 

So striking k the child's expression of his energies so broad his 
curiosity, and so intense his delight in, bis activities, that the most 
conspicuous tiling about him is his struggle to gain an, education; 
and hk struggle is rational. He is as much “interested M in act iritis 
that develop his organic* nervous* and character powers as he is in 
getting information, ami vice versa. 

The child wants a real education- and he wantn to get it in tba 
only satisfactory way—just as Hie race got it, through experience. 
For years educators have been going to the child with their “priceless 
products of racial experience/ 1 and the child has said (by hk rcao* 
tionsi: “‘Go to; I don't want your canned goods. I want the fresh, 
juicy fruil uf experience gained through my own activities*"-—-and ho 
gels it. though frequently it k of indifferent quality and often posi¬ 
tively had. 

In Ids play, which is hk real life, the child educates himself, even 
without instruction or aid. The result, however, depends always 
upon the character of the activities, and thin m determined partly by 
the individual child's temperament, partly by hk opportunities mid 
largely by the example and leadership supplied in hb environment. 
Through these forces comes development, and character and ideals 
are formed. It is the duty of education as a social effort to Toed 
the spontaneous lifcdiungersof the? child with the wisdom of (be race* 
Cooperat ion mast be given that the play life may be broad, rich, and 
wholesome. I fence, individual leadership k essential. 

Leadership means study, suggestion direction* It may mean con¬ 
trol in which discipline in work and duty have a place; it never means 
mere domination. This cooperation and leadership in the child's- 
struggle for activity, experience, and selLex press ion, the play school 
proposes to give completely. 

(b) RELATION or FIAT ANtt WORE IX EDUCATION. 

Disagreement concerning these principles may arise through old 
misinterpretations and confused notions about the relation between 
play anil work. The fact that the child must learn to work can not 
be overemphetsbeed, for he has needs, supplied during tho early years 
by the home, that later he must satisfy through work. Moreover, if 
he is to become an efficient social being he must learn to perform 
duties that frequently are not pleasant and hk adjustment will be 
flexible and complete in proportion as be masters the essential culture 
of (ho race. Bom into a complex social order that h the product of 
long ages 0 f social evolution, he must not only learn to work hut 
acquire the capacity to work according to the conditions of modern 
society. 
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Tin 1 ability to satisfy needs, Lo perform ujutous dulii^ End to 
acquire cuhuie demands flie capacity for long-stiatflUM^l volitional 
effort tinder the control of an idea of need or duty. This is work in 
its developed form. This capacity to work is not achieved suddenly. 
It is mi acquired trait. The infant has no capacity to work; the 
capacity is acquired* in the normally developed individual, during 
the period between birth and maturityJ It appears in late infancy 
and wo exploit it in school by the sixth year. It develops very 
gradually up to lhe age of 7 T more rapidly from 7 to 12, aryl increas¬ 
ingly fast during adolescence. 

The rise of the capacity for work b associated with and directly 
dependent upon a correlated and parallel development of (1) the 
power for volitional net ion in the plastic nervous system ihrougli the 
developmental stimulus of activity in play; (2) the development of 
the capacity for vtiliiiuind attention through the exercise of reflex 
attention in the distinctively controlled activities of play; (.3) the 
development of the capacity for sustained enthusiastic effort through 
the exercise of the emotion of expectancy which holds attention in 
the emotion-suffused activities of play; and, finally, (4) the develop¬ 
ment of a moral sense of purpose or responsibility or ambition, which 
comes with a maturing of the social self. 

The* growth of all these nervous and mental powers that make 
work possible begins in Lhe simple anti instinctive activities of Lho 
infant which every one recognizor as play. The young child can bo 
educated in no other way. But later the development may bo con¬ 
tinued cither through [day or work as above defined p and it is Just 
here that the confusion arises concerning lho relationships of play 
and work in education. To anticipate my conclusions., play, because 
of its emotional accompaniment, b a more efficient developer of all 
the fundamental powers used in work than work ibsrlL 

The child's activities develop progressively (I) in the muscular 
strength used; (2) in the variety, complexity, duration, and coordi¬ 
nation of movements; (3) in the number of Instincts ami desires ami 
Lhe form and intensity of their expression; (4) in the breadth of the 
associative processes used; and (5) in tho span of sustained effort in 
the accomplishing of a ties i red end. 

Now* the activities exhibiting this progressive development may 
frequently be considered either pky or w^ork, according to tho point 
of view, From the standpoint of the child there arc only two classes 
of activity—internally impelled activity, or play, and externally 
impelled activity, or work. Any activity from the child's at midpoint, 
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no matter what the powers u^tnl, the energy expended, nr the duration 
of the effort, Ls phiy if ii h internally impelled and satisfies the de¬ 
veloping life hungers and instincts of (he age period. 

From the standpoint of the adult, or objectively considered^ the 
octivities of the child that ure sustained and have a purpose or future 
aim are apt to be called work: but; obviously, this U an interpreta¬ 
tion of child life in adult terms. The adult, if he is. an efficient social 
being, rnn-A work arid he m«st recreate. Jfn such situation exists 
normally in rliild life. The child gains his- economic adjustment 
through the heme. His play is both recreation and work and it is 
neither recreation or work; it is life. Before maturity his play 
activities are differentiated into the capacity for work and the need 
for recreation, The childV play is not recreation tu= usually under¬ 
stood and we can not insist on that too strenuously. Flay is the 
child a chief business in life. In these internally impelled activities 
he lives and learns hew to live. In them lie should gain his primary 
development and life adjustment. 

Play is as bread as the rhfld’a developing life. The activities 
frequently take forms that arc not efficient from the adult or educa¬ 
tional standpoint: but to identify the child* pla} T with fooling" or 
1 - futility ^ only, show* a twisted understanding iff child nature lhafc 
b a very subtle survival of medievalism in modem educational 
thought. Tins b exhibited in the shrinking from tho idea of play 
as an educational force. 

There need be no quibbling about the fact that a high capacity 
for work can bo developed, lias been developed generally in the past 
through work, though the effici ency of the majority of individuals 
developed by this method alone can be questioned. But the essen¬ 
tia] point to he recognised is that, all through childhood, piny is 
an peri or to work as a developer of the nervous and mental pnwere 
used in work because of its emotional content. Moreover, the 
degree of development of the power for work depends upon the 
breadth and richness of the play experience. 

Flay ia more intense, varied, and of greater duration because of 
the sustaining power of enthusiasm which postpones the onset, of 
fatigue and reduces ihe consciousness or effort which characterizes 
the volitional attention of work. Therefore, as power is a product 
of activity t play is a better developer of nervous energy and volitional 
attention than work. It is essentially the developer of enthusiasm, 
which is the very essence of play. 

Enthusiasm is expectancy: the emotional side of the instinct of 
attention* long drawn out or combined with, the idea of an activity 
that will satisfy a hunger or developed desire, It is developed like 
any other capacity-^through mcemso in activities that feed the 
nervous and mental hungers and exercise the impulses characteristic 
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of age period-;. Enthusiasm is the spirit of healthy childhood* It 
carries the burden of sustained volitional effort until die capacity 
for sustained effort is established as a habit. * 

Play, there fore, is a hotter developer than work of the whole work 
mechanism. It develops organic vitality, nervous energy and skill, 
interests, volitional attention and enthusiasm together, as a unified 
and efficient working whole. Work i* less effective because it dis¬ 
associates the development of the capacity for enthusiasm from the 
development id the rapacity for volitional effort and attention in 
realizing aims. 

The capacity to work, therefore, as a pitrt of the capacity to live, 
is best developed in the child's natural life or play. It is developed 
only in a negative way when the child aits still and does things 
foreign to it-s nature in obedience to the commands of adults. Such 
lack of activity depresses vitality and inhibits the development of 
the nervous system, volitional enthusiasm, and experience. It is one 
of the several factors that have caused children to Ll forget how to 

play” 

Tin 1 ; capacity to work from iu simplest, to its highest, form is 
acquired most efficiently by living out in activity r broadly anti in- 
tensely, the hungers and instincts characteristic of each age period ] 
living ihcni out in a social environment that supplies not only pro¬ 
gressively greater opportunities for activity, experience, and self- 
ex prison, but progressively greater opportunities for accomplish¬ 
ment under a leader who molds ideals, and under social contacts 
charged with emulation, By realizing a progressiva series of aims 
in play, the child teams how to work and to achieve life Lhrough 
work. Tins is the law of child progress. 

If the capacity to work does not come out of these inspirations to 
live and work, nothing thk side of a new ancestry can give ifc t and 
the individual is a subject for an Institution for the socially dependent. 

The developing work mechanism will bo used in fulfilling social 
duties and obligations, when the social spirit ia the child's instinc- 
Live loyalty, cooperation, self-suhordination, and capacity for leader¬ 
ship is converted gradually into n consciousness of social relation¬ 
ships, interdependent, and obligations. This can be accomplished 
through the socializing influence of a progressive social experience 
under a leader who has in the background of his consciousness a 
social aim. 

Again, the work mechanism vrill be used in acquiring racial culture 
and a higher adjustment through the use of book* w hen soda) expe¬ 
rience and leadership bring a consciousness of their worth. This will 
come curly in some, later in other*, probably not at all in many, but 
until books are attached to the central and developing enthusiasms 
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in life, us aids in living, they will not be used extensively by the 

mune, 

Vocational l raining nnd guidance aro but a phusn of this work¬ 
day program end not the first or most important one, since a voca¬ 
tion is* but one form of adult adjustment., arising out of the child's 
progressive adjustment. A vocation is an individual matter realized 
through living, and in this living the individual should develop an en¬ 
thusiasm for life and work; should discover, under leadership, his 
individual capacities and attach the enthusiasm and the capacity to 
that specialized social thing, an occupation. 

Better educational results in general and u broader and higher 
capacity to work arc secured by organizing the child's natural self- 
sustaining activities than by forcing upon him those foreign to liis 
nature. To lay the foundation during childhood for efficient citizens 
and workers, the hunger for life, the power for sustained activity, the 
enthusiasm in doing and ideals in living must evolve together, 

This natural method of developing workers will produce , has id ways 
produced, citizeas to whom work is ' play 1 ' because it carries the 
enthusiasm of play. 

The difficulty in appreciating the law of learning how to work is 
ihe universal, thought-warping tendency of adults to interpret child- 
life in adult terms. The attitudes toward play and work need to bo 
restated: (a) From an adult standpoint, play is a form of activity 
sot over against the effort required by the driving necessities of adult 
uceds- (i) from the child's standpoint, play is living,* work is effort 
that has no connection with instinctive or emotional tendencies; (c) 
from an educational standpoint, play is a developer of ail the funda¬ 
mental powers of the plastic growing organism; work is an educa¬ 
tional aim that is to be realized through Jiving out interests charac¬ 
teristic of the several stages of child develop men t until thu work 
mechanism is established. 

The law*, then, of the relations of play and work in education may 
be stated as follows; Piny, as internally impelled activity is practically 
the only method! of education during infancy; is the most efficient 
method all through childhood; retains a conspicuous place during 
youth and even in adult life, us indicated by the modern attitude 
toward leisure time. Work, os externally impelled activity, has 
little place in the life of the infant, a subordinate though gradually 
developing place in the life of the child, but an increasingly important 
place during youth. 

fc) rmEcroa? j satum Tsamaa ilea dess hif. 

In many fields of human effort, notably in engineering and the 
production of domestic animals and plant forms, man has progressed 
by learning nature's laws and cooperating with nature or controlling 
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and perfecting her processes. In education, toon has neglected, even 
fought nature. 

fliis is shown most conspicuously in the traditional attitude toward 
piny and the neglect of its physical, intellectual, and moral meaning. 
Considered without traditional bins, education holds no antagonism 
between play ns the living out of hungers and instincts, and work as 
a developing capacity for efficient living in a highly complex, special- 
izod civilization. Such antagonism is medieval and frequently car¬ 
ries with it a survival of asceticism. The traditional school evolved 
its organization for the convenience »i the teacher in transmitting 
information to ll physically passive child. Piny frequently inter¬ 
bred with the teacher's program, hence was interpreted as a product 
of the imps. Does not this attitude still survive 1 

Because play has been despised, the programs far moral education 
iLfe weak and bloodless. Morals and character in child life come out 
of living under influences that mold associated ideals and instinctive 
wav* of acting; not out of drill in abstract precepts or in thinking 
about conduct disassociated from real conduct, however valuable the 
hitter may be when supplementary to the laboratory method, which 
is directed play. Ethical instruction, to be dynamic, must be built 
on a broad foundation of instincts trained in play, under a leader 
who hag the ethical aims and who will fix the ethical ideal. This is 
a practical program for the masses. 

|n the unn atural conflict between the mental and the physical this 
bias ill educational thought is oven more apparent. The traditional 
school has dealt with one narrow phase of child nature. It. still 
recognized organic and nervous education with begrudging stinginess 
and is attempting to bolster the traditional program with a “school 
hygiene" that, as a substitute, ift utterly futile. This superficial and 
unscientific attitude is carried over from a phase of philosophical 
speculation that has no pi nets in education. Physical education is 
discus-sod us though it were a subject of study in the curriculum, 
instead of one attitude in considering the whole educational process, 
of which it is the basic part. Physical education, as a special field of 
educational effort, arose because of the twist, in educational thought 
created by the rise of asceticism. It persists because of a Hurvival 
of asceticism. Because of this bias, the programs for physical educa¬ 
tion in moat schools are pathetically superficial and the children jdiow 
it. Vigorous, big muselo piny is nature's method of phtfdcal educa¬ 
tion and balks large in the efficient program. 

So obsessed is our consciousness with the idea that education is 
something which comes from books, and so dominant has been tho 
intellectual or cultural idea, that tho masses of children are prevented 
from getting uu educational experience. Wo insist,that they.shall 
nutsi'-T the took of learning balm* they get ans e xparian™,^ ^ WQ 
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that thfty shall take ii Htscondliuild. At .mi' .'XUviim there ikwolops 
it group iif individuals having the capacity tu acquire Inigo nwsttm 
of book learning with ft small foundation in pnirtiviil experience; and 
til thu oilwr, n group who may or may noi have lunl real experience, 

but who have ft ... for hunks initJ no n'nJizntion ..f their value 

us essential uiik in living or ux suimw nt inspiration for tv liigher 
adjustment. 

Modem literature on teaching is slmvii with the wortl ‘motiva¬ 
tion.” Every eifui i to find w motive fur an aeiiviiy or a subject of 
study is a search for il» basis in a hunger or instinct which underlies 
the child's spontaneous life- This Boarch represents generally tho 
attitude of tho adult, with m\ adult's interest, trying to find some way 
of attaching that interest to the child's unlive tendril ell's, it iHus- 
tr.itcs tho breadth of Lho psychic gap between the t Richer ituiJ tliu 
child itrni tho dominance of tho attitude of teaching rather than 
lending. 

Why not shift tliu problem from the organization of "subjects of 
study” that arc Heine tod products of racial achievement. to lho otgulri- 
jrjilion of the child's own spontaneous active life; from the attitude 
of teaching primarily to that of loading (which includes touching) ? 
Why nut abandon our indifference toward tho child's play ami recog¬ 
nize it as complete living, from his viewpoint, ns well ns the dominant 
houtco of all educational values! Why not, put our aims and our 
Npccinlir.ad adult interests, in the background of our coibscbtistU'Ha 
and enter into tho child's life from his point of view, meeting hh 
hunger for life and his desire for leadership with the resources of tiro 
ndult • fii this way we i\,il make his activities ft source of inspiration 
to liitn and perfect their results from nil educational standpoint. 
Does not this attitude complete modern tendencies in educational 
thought ? Will it not make public education efficient for I he moults J 

In this larger conception of edueathm, leadership is the prime 
essential. Teaching is bu! a part of tJto lecderaliip for which the 
child’s hunger is ns conspicuous ns his hunger for education- Ho 
craves life intensely, but his imagination outruns his drill and judg¬ 
ment, Ilia resources are limited; his attention is hooting; his enthu¬ 
siasm breaks down. Ilo must have leadership if liis activities aro t" 
be satisfying or educot bnally efficient- Though he rebels ol domina¬ 
tion, ha constantly appeals for help in finding something io do arnl hi 
achieving his desires; and when leadership is given and accept ml, ho 
will submit to endless direction, and, as ego advances, to inermsingly 
severe discipline. This Ls proven daily on the play field and in boys' 

and girls' clubs. ^ 

By entering into the child's life, it is ft simple matter to load him 
bo to loop the cultural material of the race to Lis hungers and thus 

T31T<T —mi 1DU—- *1 
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achieve result* not poesibtu undvr Uie sub jecL oLs tudy teaching 
program- That process is inverted. It must bo recognized* however, 
that then* fire enormous variation* in children's capacities for prpgross 
in various activities and in their susceptibility to suggestion. 

Here appears a danger. A vast difference exists between learning 
nature's laws in the development of child life imd cooperating with 
her or perfecting her processes through the child's susceptibility to 
leadership, and the skillful exploitation of that susceptibility to 
satisfy the vanity of parents or teachers whoso minds arc euridoptics 
under ilia obsession of some education id fellah. We are in some 
danger of entering into an ago of child prodigies. 

Objections are raised that oducathn m inefficient because it is 
nude too easy. Signs of a reaction havo appeared. Now. whatever 
of justice there may bo in criticisms of "teaching through play,” no 
justice coasts in criliriams of Lhe leadership of play, This leadership 
km its biological roots in the evolution of the interrelationships 
bfU weon pars-rd uml child, and play m not ^ easy " p in the sense of being 
devoid of effort or hardship. Both the intensity and the duration 

extreme efTori in many forms of play activities are so striking that 
few adult activities can be compared with them. 

Play is interesting, but to interpret education as something nnin- 
tortsting strikes the very nervous system of education with a palsy; 
and to say that because anything k mieresting it is educationally 
undesirable is surely a mimvtd of asceticism. We have failed in 
education because wo have ignored play and divorced education 
from life. 

The dominance in education of the play motive, or real living in 
obedience to real present needs during child life, does not mean that 
there shall bo uo discipline. Living is discipline. The child, like 
his ancestors from tho beginning, is driven by hungers and controlled 
hy instincts that are nonspecific. Ilk conduct is largely the product 
of experimental experience, which frequently causes pain as well as 
pleasure, So was (he conduct of lib ancestors* As a result of racial 
experimentnt son, tho child h bom into el complex network of ways 
a\ acting, both good and bad. Lacking judgment and perspective* 
he k apt to imiiato the had examples in his social environment as 
well ils the gnod T thus forming habits, ideals, and character that arc 
ka*l f ir him and for society. To mold the ideals developing in the 
diild's experience k the function of tho parent and society’s ropriw 
guntuii™ of the parent, the leader, or teacher. Discipline by adults 
like Jtiadeiship, has its roots in the biological relationships of parent 
and child, 

Pr*cti. aUv «U the bn4 habits knoun to childhood and youth at* 
tho product of our uogloet of this function of baderEihip, Vires 
develop in pby. This is tho uegetivo srgumprn for putting morul 
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education on a laboratory basis of directed play. The danger hero 
is that, with thoprevalent notion aboui “teaching," tho tendency will 
ho to control the experimentations too strictly and to control ideals 
Isofor^i thorn lias Inum oxjrtvricince. 

To s umnm rizo, it would eoem, therefore, lien education will bo 
otfleien t when wo bring the resources of adults to aid the child in hk 
struggle for activity, eneperienea, and self-expression, and when adult 
leaders meet tlin child's hunger for guidance with the spirit of a 
superior playfellow and with the discipline of loud arshin. Thin the 
play whool proposes to do. 

2. &HIAL P^tlOKKEM AND THJt flnjIOUL OinkAMiAfloS. 

(a) BfUtJBISUAtSIf, THB flUME, AiiO TTIE PLAY AND SCHOOL CENTER. 

TMiile din play school is primarily a product of child study, it is 
idso demanded by- the new educational conditiorm attendant upon 
social progress. No phenomenon of our civilization is more striking 
, 11 * lH modern industrialism, no force mom potent in its 

influence orj the homo and child life. 

In the past the homo was the center of life and experience. The 
majority of homes were not only the centers of family life, but they 
were industrial and social centers. furnishing hrgo opportunity for 
tho child to see and participate in all the essential human activities. 
Ihe factory' took from the home both tho industrial occupation and 
ilia machinery of manufacture, with till their stimulus mid opportunity 
for child activity. Hence, the function unit the size of the home 
have contracted, and with the contraction the function of the home 
“ a 3001111 ™ nter declined. Entertainments am sought outside 
Hi commercial amusement ceulem, with (1 further contraction or 
educational stimulus in the home. Moreover, ilm size of the family 
has decreased, leaving children mu only without generous opporlu- 
ntnes for activity, hut without even the stimulus of an adequate 
fharactcr-huilding companionship. In a word, modem industrialism 
n&s squeezed the educational juice out of the home. 

And, if WO are to believe social workers, the squeezing process will 
s’onlimip. Criticism that places on parents the hlamo for their fafluro 
t(i supply educational needs which the homo supplied a generation 
|igo r misse? (he mark. Speaking broaillv, parents are helpless. 
Even tho most earnest frequently And themselves at iheir wits’ unit 
in trying to moor the life needs of their children. The masses have 
neither i raining for the problem, educational resources in the home, 
nor the financial ability to meet the need at home or in private 
enterprises. 

^ ith the continued domination of industry over our social life 
tho home will probably bo less and Jess aide to till (ho educational 
needs of the child, and u greater gap between parental h/o and child 



Gt*2 annual KEPOftr smithhcikiak INSTITUTION, WU. 

life will dttvalop* Adults must ho HjH.tr udbts $11 order to bo efficient r 
and they must struggle fur loburu iu order to have any degree of 
completeness m life. Both these conditions and Iho habits of adult 
Bill flowing out of them am foreign. to child nature and life. So, if 
iho influence of Industrialism continue, (he gap between the child 
ti3111 adult ia bound to widen. Like till differentiation# in iho organic 
world, lily greater llm unlikeneas tho gmator will bo (he interde¬ 
pendence. Thi> child is dependent upon adult resource anil organ¬ 
izing a kin iu order that be’may have life; and tho adult, who b to 
I so the product nf tMa child life, b depeudont upon iho child*# lining 
hb romplvln life. The failure to supply that complete life gives u# 
ul lulls who are mere cogs m Urn wheel of a complex machine. Tlris 
is tho social educational situation even now. 

Instead of the home and ite mimed bin onvirotunout supplying 
practically all the op port uni tics for the cMIdk activities, expemuees. 
and expression, thi^o functions are now divided among three insti¬ 
tutions—tho home, tho school, and the play-canter, 

Thu homy is still tho center of domestic life, though oven in the 
tarn homes it b greatly narrowed in its educational possibilities. 
Many homes uru merely places in which to sleep and mi, Though 
they still have groat educational influence, ( heir educational resources 
are practically nil. 

The school has absorbed an increasing amount of the child's time, 
but it has net, except in a few closca ami lii a limited way, even 
attempted to supply what has boon oliminatod from child Mo by 
modem social change, As a prominent educator puts it: a gouera- 
lion ago, a buy had three months' schooling and nine mouths in 
which to get mi lulueation; now he Has nine mo mbs schooling and 
xlum months in which to gain an education. Actually, (he situation 
iso von woi>o; since during the three months he has few op purl uni Men 
for activities that educate. 

The public playground b coming to fill the need for educational 
activity and experience otherwise limited by a physical environment 
ihivt Is unnatural, ami a social one that is complex and specialized. 
At present most playgrounds are inefficient, because of public ignor- 
once as to rheir functions and the prevalence of poorly trained 
director*. 

The public playground b a child's community social center, and 
it should supply and does now supply, under export play directors, not 
only the space, equipment, and companionship which are beyond the 
economic and social resources of iho bonus, but the oduh leadership 
that b essential. 

Experience Has shown that leadership is iho fust essential of a 
succctssful playground, for three groups of reasons* 
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(1) The playground is a democratic institution optm to ail children- 
hoiice, unless directs!, i.pi i«> t* dominated by the bully or Ota tough 
gfing, 1 ( concentrates the had manners, antagonitttns, and vices of 
children: hence it is apt to ho u breeding place for ovi] unless ijj 
charge of a director who is trained to convert these very tendencies 
into sources of moral discipline. 

( 2 ) Tlio playground hrings together a huge miscoUutoous group 
of children of different ages, temperaments, social training, and habits 
of play, Thk makes the play organisation complex and beyond ilm 
democratic oiganizing power or self-control of children. The play 
breaks down without tlio superior skill and control of the adult leader 
who may, by bridging tlio difficulties of organization, mako the play¬ 
ground the most efficient agency in existence for training in demo¬ 
cratic citizenship. 

( 3 ) The playground is an institutional center for child life; a sub¬ 
stitute for certain educational functions of tho homo, which the 
home can no longer perform adequately. The supervision formerly 
supplied by the parents in activities in which they worn exports cau 
no longer bo supplied in the new activities. Few parents can bo 
experts hi child nature or the technique of a vast variety of activities 
that satisfy the progressive educational needs of children. Tliis 
function must bo taken over in its largo and difficult phases by tlie 
professional trained leader* Ilk influence should radiate from his 
center of business into the surrounding community, the homo, and 
The school. Since the playground is a laboratory of conduct and its 
activities are the foundation for a modern democratic system of 
moral education, the director becomes the main influence for effi¬ 
ciency in this highest phase of education. 

As the homo approaches the apartment type and the family the 
one-child type, under the pressure of modern social conditions, the 
rohilaya importance of the play center and school increases!, 
fn this social situation child welfare requires a new spirit anti a new 
organisation of the school and playground. Both are extra-home 
institutional centers of child lib* and both exhibit the inefficiency of 
nli incomplete orgaimiiti™. 

As the playground k n center of life and education organised 
from the child's standpoint, and the school is a center of child expe- 
denco and education organized from society’s standpoint, the two 
institutions should be combined to unite the two points of view ami 
unify the child's educational experience. It is not sufficient that a 
playground space lie added to the school or that a group of manual 
nr other activities bo added to the games of tho playground. The 
play center and the school center must become one in spirit, aim, and 
organization. 


094 JUfTNtFAL MPOUT SMITHSONIAN iKtfnTUSTOK , 1»U. 

A triangular division of child lire under three classes of inatitiittona 
and the duel organisation of extra-home activities arc Inefficient, not 
only ed neat, inti ally, but administratively* Experience has shown that 
children in cities will not or can not go more than one-quarter or one- 
half of a mile to a play center. Therefore, the provision of adequate 
playgrounds within reach of every city child* and the organization 
of a staff of leadens, under so me municipal administrative body apart 
fmm the board of education* puts a double burden upon the tax- 
pay ere. 

So far as tho small town and country are concerned, few would sug¬ 
gest* after the recent campaign for a wider use of the school plant, 
that a play center should be located anywhere except at the school; 
stiff, when? they have been so located, the functions of the play center 
and tho functions of the school have not been identified. 

The public school b the institution concerned with the education 
of the child; it must provide all his extra-home educational activities 
if it* functions arc to be efficiently realized. As indicated before, this 
is a different problem from the recreation of the adult. 

(1) .MF.ff jetwf?ATtaXi| f WDVEMKNIfS ASLU TIFE KiAT-flCHOOL IDEA. 

Social progress has changed not only the relationships between the 
home and the play center and the school, but. it bos brought a new 
social conscience concerning education. We are in a period of edu¬ 
cational discontent^ restlessness, and experimentation—a part of 
the general social discontent. Every man who thinks and who is 
sensitive to tho spirit of the time reacts upon the educational sit un¬ 
it ion and usually has some l 'now Tr idea or variation of the educational 
program. Severn! new types of school and u generous number of 
new educational efforts, both without and within the public-school 
system, have been organized and promoted sufficiently to attract 
public notice. 

Of the m?w typed of school one or two are significant. First there 
b the vacation school, which is successful from the standpoint of 
child welfare and child interest. But it b simply a recognition of 
the fact that the child's education is going on 365 days in the year and 
that the school must replace the home anti community in supplying 
opportunity for experience. 

Then there are the open-air schools, which imve proved that our 
Ji model” Tcntikti^gschemas are delusions and that tho most rational 
way to ventilate a. school is to do away with most of the school w alk. 
Now we are about to tee the time-worn school idea run its vicious 
circle again. M Adequate provision” b to be made for children need¬ 
ing the fresh-air *ehooL So (according to the program) masses of 
children will ho kept indoor* to be devitalized and subjected to a 
string of dbeosw* with their train of adult weaknesses, while the 
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tubercular and the laenie will have the privilege (until they get. well ) 
of the only type of school any child ought, to have, 

Ayers says that the open-air school will take its place in the history 
of education 11a marking one long step toward that school sv-stom of 
tb« future in which the child will not have to be either feeble-minded 
or delinquent or truant nr tubercular in order to enjoy the Lest and 
fullest sorts of educational opportunity. Even in the colder see- 
Utifts of the country ami during the severest, winters, children can 
be made comfortable in the open air most of the day and for most uf 
their activities. Until this common-sense standard is realized, 
school hygiene will progross with one leg paralyzed. 

Significant- for the future of the open-air school is the widespread 
rebellion among parents against putting their children in the public 
schools because they "will be shut indoors" or because they arc 
"never well." Naturally, a large number of private outdoor schools 
arc catering to thin sentiment. Closely associated is the organization 
of country day schools, such as exist in Buffalo and Minneapolis, 
indicating that well-to-do parents are willing to pay high rates i«f 
tuition to have their boys go to the country each day. 

Several new movements are strikingly significant of tho trend in 
educational organization. Moat of these are focused on the adoles¬ 
cent, yet the principles involved and their solution extend into the 
preadolescent period. Conspicuous among these movements is 
that of the Boy Scouts, with its highly elaborated program of ac¬ 
tivities and honors for achievements. This organization and that of 
the Campfire Girls are phases of the great movement for directed play 
anti leisure time. They have arisen and attracted public attention 
because of the widespread feeling that masses of children are growing 
up incapable, resourceless, and irresponsible. Hen™ the new deviv 
tion to a program for achievement os u moans of character devel¬ 
opment. 

The Junior Republic, boys’ cities, civic activities and responsi- 
luhtieg far boys, all indicate tho rising social consciousness that 
children have their own sense of values and responsibility. This 
sense is just beginning to be organized for educational purposes. 
Increasingly as the years progress, the imagination is stirred by the 
relationship between approaching adulthood and lho adult's activi¬ 
ties. Since the results depend upon leadership, wo have a host of 
social problems rising out of onr past neglect. 

Some of the "new school 1 *," however, in which "real work" is the 
control idea of the program, have failed to achieve their ideals because 
the programs are based on ignorance of child nature or on the old 
notions of play or "work" that is a mere imitation of specialized 
adult occupations. Where Lhese efforts have succeeded, especially for 
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the younger Hiiidri-n.h-adcrs have organized **pJ ay m instead of **\\ !«rk' 
without knowing it. 

The gardening movement* geography excursions, and die shift 
in nature uludy from tfrni uf plucked Mil dissected symbols to 
a study of imtun* in notion — diMgiijg r growing, eating* repro¬ 
ducing! struggling nature with all its vita] human reins ion^hips— 
all thi\s* notivitiKi emphasize the fart that FL learning 71 must be apart 
nf life and built on vitalizing, inimUfilling experience. 

The focal point of thought in these movements drifts toward the 
organization of the child r s whole life experience on a concrete labor¬ 
atory basis. It involved a recognition of chihl capacities and needs 
previously furnished in natural contacts with a simple adult life now 
pad'll away. 

Vocational training and guidance arc receiving their emphasis. 
Adjustment for the masses is the aim, hut vocational adjustment 
is only one phase of life—the adjustment of l he adult. A vocational 
or recreational adjustment, stHUal adjustment, citizenship ad justmenu 
ami domestic in 1 just men t are coordinate, and they all depend upon 
the develop menial or educational adjustment during the years of 
gmwth. Obviously shallow h a vocational training and guidance 
that h not baaed on educational provisions that allow the child nil 
lib early years for enthusiastic living and achieving until the work 
mechanism is established and talents, mlemUs, or rapacities are 
developed, and until expert leaders who are guiding this living process 
nmy discover individual tendencies and adaptabilities. Further¬ 
more* a vocational training that b not based on organic, nervous, 
intellectual! and moral development, and that is not, coordinated with 
a social and recreative adjustment and a preparation for citizenship 
and domestic Ufo adjustment* b bound to produce worker* that arc 
but inflexible cogs in the wheel of a gigantic machine which will 
inhibit both individual and social progress. 

The new efforts for backward and exceptional children reveal the 
recognition of the fact that our wonderful school roeehanbni has 
failed in n^ulu for great masses of children. The cojecioustHwa b 
growing tint the universal 4l child ,r w hendiffemnliaied into individuals 
b as variable m the number of children ami that h*ch must bo edu¬ 
cated in a variable anti adaptable program. Thb h perfectly prac¬ 
tical whan activities rather than subjects of study are oi^ankkl. 

Tho campaign for school hygiene hm become almost hysterical. 
Aocumulating evidence ban shown the physical, mental, and moral 
idTral* of kmg hour*, confinement and ov<?rpmvsure in mental work. 
Neverthth 1 s* t there Ls a demand fur it broader manual training a 
lnt&* nature study* a fuller -- physical education/’ and mi efficient 
moral education all im^rpretcil a*: Lp *ubjory of study 4 ' and added to 
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tl*e old subject*, together with new phases of the arts, sciences, and 
literature pushed by a variety uf individuals from the viewpoint r>f 
ihsir own adult specialized interests, 

Consequently, school hygiene will come out of the same door 
wherein it entered, so far as its larger function* flre concerned, 
unless child life is put squarely on its two hygienic legs in school 
organization—the one an open-air life, anti the other a program of 
activities instead of subjects of study. 

Our educational fetish, the three It's, block* the way. Certainly 
children must acquire the tools of a cultural adjustment; but is the 
learning to read and write and count at an early ago more sacred 
than the health of our children and an enthusiasm in life that gives 
capacity to live and work efficiently 1 At present the danger is that 
the fetish will lie imposed at 5 or even -1 years of age and sonic few 
children are aide U* learn to read and write during these tender years 
for the edification of ambitious teachers and vain parents. The 
point is not what some children can do, nor that they should not learn 
these essentials of a cultural adjustment during childhood. It is 
that to make reading and writing a requirement to which all other 
Activities are subordinated, sAy up to iho child's ninth year, is insup¬ 
portable from a broad educational standpoint. 

The time has come when men are loginning to realize that the 
milling of the child's developing eu tin miasms in life through a back- 
warping, chest-cramping, wave-breaking, mind-deadening desk and 
schoolroom program of “studies” is as cruel as the Spanish Inquisi¬ 
tion. 

The tendencies noted point to the solution. All the vital special 
desires in education can be met, the overcrowding eliminated, the 
program increased to it, 10, or 12 hours a day and through 365 days 
ui the year, the present injury tu health replaced by a positive con¬ 
struction of vital and nervous powers of which health is an index, 
moral education placed squarely on a laboratory basis, with each 
child treated ns an individual as well as a creature to la- socialized, 
and tho "learning” increased boUi in quantity and quality by rein¬ 
terpreting the srimol os an open-air, educationally fused play and 
scluml center, and by shifting tile emphasis jn the school program 
from subjects of study to tho organization of activities which evolve 
with tho aid of leadership into specialized, adult interests. 

This solution, as indicated by the effect of recent social changes 
«>u educational practice, is also demanded by the social changes to 
come. Society has reached the age of human engineering, with 
child education as its foundation. The knowledge and skill are at 
hand. In the past, man’s human engineering efforts were confined 
to correction and cure; medicine was the dominant human engineer- 
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mg lienee, In recent years we have learned how to prevent tttany 
individual urul social ilk. The sciences of prevention are now domi¬ 
nant, and “hygiene t# is in the air. But a new thought is already here 
constructive effort. Social correction and medicine are still advanc¬ 
ing, prevention is commanding public opinion, but both are mone or 
less futile without a foundation of constructive engineering. And 
education k the com of all constructive engineering which deals with 
the individual. 

Education is now the dominant science, the source of appeal nt 
all social effort as well as in the efficient adjustment of the tndi- 
viduaL Of the three forces determining wlmt any individual shall 
be at maturity—heredity, activity, and environment.—with the 
three corresponding sciences—eugenics, education, and social econ¬ 
omy—activity alone is the source of power in the individual after 
birth. The environment seta conditions for activity, therefore 
influences its result; but activity itself is the developer of all power, 
and education tlie science of constructive effort with the individual. 
Old, neglected, despised education has become the new inspiration 
in human engineering. 

Even the universities fee! the new responsibility and schools of 
education are arising, still dominated by the old narrow- ideas of 
education aw an intellectual process, hut destined to fulfill their real 
function, producing engineers of child life and child adjustment to 
meet the requirements of an advancing civilization. This Is the 
hope for democracy and civilization. 

5. Tam Plat School a Relvtkhfilit■: r> Schchstk. 

Tin? play school is proposed as the nest step in the evolution of 
the elementary school. (1) It is suggested as the extra-home 
institutional center of child life in which the school and the playground 
am educationally fused and their aims identified; and where the 
child's whole flatly active life not supervised by the parents shall 
be spent, through the entire year from early infancy until the capacity 
to work consciously for adjustment has been established. (2) It in 
proposed as a center in w hich children shall learn to live and to work 
with enthusiasm by living completely in their activities, which include 
the whole physical and social environment unit are organized to 
satisfy fully the child's hungers for experience and self-expression. 
(3) It k proposed m a center for complete leadership, where the 
Interest is centered in the child, not in subjects of study. 

The aims of the play school may be summarized as follows: 

(1) To organize the opportunity for a complete play life in order 
that the child may develop Ha powers, leant the m+jlining of hk 

environment, and discover himself. 
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(2) To furnish leadership for tin' fuadamcmtaJ activities in order 
that organic, nervous, and volitional powers for activity with enthu- 
aiasm, and the capacity for work may be established, 

(3) To connect the play tendencies and interests with materials 
for activity that will feed and develop stable interests and then con¬ 
nect those interests with the resources of society, especially literature. 

(4) To secure close observation, clear thinking, skilled execution, 
and free linguistic expression in cunni'ctioti with all activities, 

(5) To mold the instinctive and emotional reactions in all activities 
in order that sound moral habits, moral judgment, and social ideals 
ma\ be established and conic to control all developing powers for 
complete adult adjustment. 


D.—THE PBOBLEM AMD ANALYSIS OP A C T IV IT IE S. 

The proposal to organize activities instead of subjects of study 
shift* the practical problem in education to the study of activities 
and the educational leadership of these activities. 

Educators have been devoted to the investigation of methods of 
teaching special subjects of study. They have spent relatively little 
time in studying the nature or the function of the child's spontaneous 

life activities and the relation of these activities to his development_ 

organic, nervous, intellectual, and moral—or to Ids adjustment. 
Leadership in the organization of activities requires a knowledge and 
skill that makes the organized activities as natural as tlio unorgan¬ 
ized, but more certain of educational results. 

The child's activities may bo studied from many standpoints, of 
which the following are examples: 

(l) FVeioi the irtandpoiM of the motur-iu^rhanism ilmscI— 

Thft locomotofi nr Bror-ho -0 idol; 

Tfae mmdijioisffl; 

This vocal anil Jinguiatitj piwha nkm; 

Th^senjMiteution median igtm* otr_ 

(2> Pnom the standpoint of Lho Inl ine proeem invalid— 

The itkfftinative find cmotsuiuU proceasiM? 

The intellwhiftl proctwe*, 

(3) Prom the fltundpoiiiL of thu initial semreiw of tho wimtiu_ 

M The lumsiiw; fflipnit hunger and &«*!» for food, and the psyidutmtutor 
hunger* for activity, urjwripnce,. mid expmjBioD. or 
{b} The stimuli of spei* tfituatfrma, 

(4) From iho ftandpmut of the genas u of tho form of Krtiviiiw with IhUmis, 

xo&tivn, Miofrt. hibitn— 

The hungers; 

TLa mstmetd; 

Ezporfanee ud a ftsult of reactions upon euviromuontul sritustiaim; 

Iniilniinn; 
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(fr' From ttic itnlulpodin of Hit* rtluL'Btioiml rwultn nr vaiunH nf the uctivitifs— 

{ai For djo cievi4ij|jmunt of the w^nsm— 

Or^knlir d&vd^limmtvfth ft svulom nflifttiili; 

Ncrvoitf dcvdopnumt with a ffystfjia pf habit*; 

I iwtmctive ami emoiioTunl devetoptaeiit with a system of h a bit s ; 

r ] j c ■ ■ 1 1 -lh * 1 e rb a I dewlepment with a synlotci at habit* ami Idea*. and 

(AI FfiT the adjustment rd the urv^mWli te phutf* of racial activity ntul 
CliltUfti— 

IcflUAuc, or vocational arljuiUuent; 

Recreative, or avocationed adjustment; 

Kvllowehip adjustment; 

Citizauship ■djusuawnt; 

Damtteiic adjustment. 

fill Fiwn the (ftamip-jinl of a praotirut tdiicMtioiml ^dmliip of the activities for 
L-ampLelerliild living. 

All these point* of view am import uni in tlio investigation of 
activity and in the training of the loader or teacher, but for the 
practical problem* of educational leadership the Ju*t point of view 
is essential and may include nil others. It i* distinctly the loader's 
nr teacher's viewpoint, Tt demands a classification of tho child’s 
activities that gives tho more or less distinct* hut natural; phases of 
his complete active life; and that makes it possible to administer his 
complete living. Hits classification is essential further us a basis for 
the organization of a progressive educational ^curriculum' 1 of activi¬ 
ties; First, that will use all the mechanism* and regulating processes; 
second. that will feed all tho hungers, provide for retie lions upon the 
whole environment and give opportunity for full expression of all 
valuable budding interests; third* that will hold true all through 
childhood, landing to evolve naturally into the racial forma of activity; 
and, fourth, that wiU give nil the educational value*. 

All those demand* seem lo be realized tentatively in tho following 
deification; (<t) Big-muscle activities; (b) manipulating and man¬ 
ual activities; (c) environmental and nature activities; (df) dramatic 
activities; (r) rhythmic and musical activities; if) social activities; 
{£> votial and linguistic activities; and (h) economic activities, 

rufctimo^ or tut A iffinm a, 

A description of cadi of these group* of activities will niuka its 
educational meaning and tho whole classification clear, No signifi- 
c-ancfl, except one of convenience in description, b attached to Lhe 
order of the groups m given. 

It will lie observed that the activities in each group begin early 
ami continue through chihihood; LhaL they urine mil of some hunger, 
instinct or innate capacity in human nature; that these same trait* 
have given rise to Home phase of racial life or culture; and that each 
group ho* some special value in the development and adjust men t of 
the child. 
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■ a ) n i* >-ifl i 1 ■iiTE At *nym k h 

Iht> big-iiiiiijolu activitiee urn- fundamental lo all othera. They 
ariso oUt of the Primary hungwu for activity; bi-gin in die random 
movements of the infant; develop through the various Ktn gftf 
of locomotion and ill verge during childhood under iho influence of 
special mHtinoLH into such special forma us gymnastics, gum«. dancing 
and athletics. 

(1) Gymnastic plays arise from the seif-testing impulse. They are 
personal motor achicvflmant pluvs and espn-sa the nnthuajtmm for 
self-realisation. 

(2) The dancing activities add pleimuiv in rhythm. They begin 
in spontaneous forms mid tnko on traditional fomm through imitation, 
developing tile sense of rhythm, sis well us the capacity for artistic 
expression in body movements. They also have deep social mean¬ 
ings and Influences, especially during the adolescent yearn. 

(3) Games and athletics uriso from the hunting and Vo lf-pr electing 
instincts and from the gregarious, egoistic, and fighting instincts 
wluHi find expression in riyaliy, and which have been such powerful 
forcis in the rise of civilization. These lost incts develop progresrivcly 
in ganiea of fleeing, chasing, hilling, seeking, capturing, and escaping, 
and later, Icnm games of conquest. 

'ITuse big-muscle activities arc the developers of the organic powere 
mid tho fundamental nervous powers; L e,, they am the educational 
souj-ce of vigor, resistance to disease, and general nervous vitality 
and skill. They lay the foundation for (adult) capacity to labor. 
They establish wholesome forms of recreation. While regarded 
usually aa mere musL-iibr exercise or “pastimes.” these activities, 
‘specially the games, cany the discipline of the racially old instincts 
«i the foundation of character, and oro therefore primarily instinct 
educators and fundamental in thoir influence on character develop¬ 
ment. They Cany the “social spirit" and discipline the social in¬ 
stincts, emotions, and enthusiasm. Hence, in the education of children 
they must be given a Imge place and be guided carefully as the most 
important laboratory activities in the moral phase of education, 

■(b) HATitrJkL Acnvmitg. 

Th* manipulating and manual activities aria* out of the mmipu- 
la ting impulse which satisfies the hungers for activity and souse ex¬ 
perience. Gradually, under the influence of the “constructive 1 * im¬ 
pulse, imitation, and self-ex prison, the various manual activities 
arifio. These tendencies in human nature, coupled with needs for 
food, protection, and expression, have developed the industrial enter¬ 
prises and graphic arta of man. In the child they begin in general 
manipulation, expanding along the lines of construction with Idoeks 
and miscellaneous materials: modeling, scribbling* drawing, coloring; 
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and then construction with tools in paper* wood, stone, and iron, and 
in pla&tio materials* textiles, foods, etc. When the child expresses 
esthetic feelings and ideas in these activities the manual art# up pear. 
Hits manipulating impulse r combined with the social, gives a large 
number of plays and games. Bach of these tendencies is represented 
in the complex occupations, crafts, arts, modes of expression, and 
recreations of the ndnll They give the spontaneous beginnings of 
activities which, when developed, include a Surge part of applied 
science. 

Under leatierehip tho values of these act ivi Lift! in the development 
of nervous powers for manual skill r in tho ability to think in mechan¬ 
ical to mis, and to design and execute, in tho expression of esthetic 
ideas and the development of esthetic feelings P and in the discipline 
of elemental traits of character, are well magtiimL -Vs I>owey 
showed, they may bo organised to unite the individual^ social fill¬ 
ings and thoughts with Lhe industrial problems of the race. For tho 
musses they underlie economic adjustment and industrial adapta¬ 
bility. They are important for the nervous, moral, and osthnlio sta¬ 
bility of the Bonindustrial classes. 

Leadership in these activities is needed from infancy to maturity, 
fust for cultural education, then for vocational and recreative results, 
in this leadership, the ages between 7 and 10—tho critical, yet most 
negletited years when impulse and skill ore furthest apart, need 
special attention, 

(e) ESVIBONM^irAti ASD SATCttK ACnVITIEJI. 

Environmental and nature activities fall into two related classes: 
(I) Excursions and (2) nature experimentations. The instincts that 
have led to the world's exploration and *o the development of the 
natural and physical sciences are here expressed + 

(t) The excursions arise from the exploring, foraging, ami migra¬ 
tor v incline is, and arouse great enthusiasm. They begin with the 
creeping of Lhe infant and continue all through enviromncnt&l activi¬ 
ties of later years. These excursions give some of the organic and 
nervous values of big-muscle activities; they develop tho sclf-pre- 
serving instinct* and powers; they give the opportunities for oWr- 
ration, the oollection of information, ami the satisfaction of curiosity 
concerning nature and civics. Leadership easily perfect* the cdura- 
(ioiitd values in the spontaneous tendencies to these activities, as 
indicated in the following suggestion*, which grade naturally by age 
period*. 

For lhe lit lie children, short trip* give opportunities for broader 
"froo play” activities in the environment, for a largersense experi¬ 
ence, for collections, for learning the mimes of natural objects, for 
simple observational giinvis, and for instruction concerning things 
which catch the attention. 
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For the larger children, excursion* cover the three ideas of adveu- 
fure. riatnre observation, and civic observation, as follows: (a) Half¬ 
day *’ hikes’’ or week-end camping trips, including outing or "scout¬ 
ing' arts; (J) trips to the fields, woods, and bodies of water, or to 
farms, or to plant or animal experimental stations; with observations 
on tlio geographical features, on plants and animals and their breeding 
processes; with collections, maps, etc,; (c) trip* to industrial and 
commercial insti rut ions, to historic places, to civic institutions and 
centers, to public-service centers, etc*, each with investigations. 
From these natural activities the larger geography expands* 

(2) The second half of the environmental and nature activities, 
nature experimentations, arise from curiosity about nature and the 
experimental manipulation of natural forces* They fall into three 
groups: (a) There is playing and experimenting with physical 
nature/ namely, playing with water, air, heat, mechanical devices, 
sound, light, and electricity. These activities begin in the same 
manipulating tendencies that are the foundation of the manual 
activities, but diverge under the control of different instincts. They 
grade naturally by age periods and through leadership develop prob¬ 
lems in physics, {&) There is playing and experimenting with ani¬ 
mals: namely, playing with pets: feeding and curing for animals, 
training them; capturing, miring, and taming wild animals; breeding 
animal*, etc. (e) There is playing and experimenting vrith plant 
nature, namely, planting, raising, and caring for plants and flowers; 
experiments] gardening to find out what nature will do and also fur 
the economic value of the produce. 

The two latter groups of nature activities with the field observation 
and collections give all the essential elements in the relations of plants 
and animals to the life of man, and give, through leadership, the 
natural basis and enthusiastic interest in the problem of nature study 
and "civic biology/’ 

. The specialized sciences have no place in child life. These nature 
activities give what is natural to child life and interest and lay the 
foundation for a more advancer! study later. 


rtifl toqLehl erf th«f> E fix^rifuflpisJ plays Vfil 1*1 belttff Hhinmcd by Th? Lug outline- 
“**,P«rta Xp m4hw >***bJiifc wn^htag Co stawtaf tfcJftHatain 

"nEsf.bulMln* llama, and wutrr whr*lz, mcblng ttu fcftfap <rf water m ImJ, eroiiMj tnnUk/' etc vr hl^h 
febp wtfjfcm b ftaid*. Aiir PJbtf&v With afr T iMUboafi, wtaOnilb, wutnp ] n9K9 , which indotr 

P*™™ ^ ^ ^ currant, wtad F lempernttiff , humidity, rainfall etc; R**li IVscriitaff ft» 

“VJ* ElTTf, tbirtit IrVrkn And fctnal, Idjytat rfltb Iqy steam ehfta** taertnotaeten. whfcfa derifrWp 
imbkesu in 6 p< wrabLLsSko, expublaii md foutwHon, rind *nbrr nffwHj oF b* 4t . Herhanlni d*rfc«p- 
Whh ^ t 0 P*- tar n»UBB^ pffDdulqmT, 1 * 7 * 1 *, lb* thfWTl 

baiiLQf*i^ia ( *ta. F * JUfiH d*Tfl tap pnsbhuxu ta motor dynMnis, Sound; Vogali-aiinti 
■atul tinmimtag. idowtag on Taj ii»tnta*:i>ts r 1 ' Ustentas to Hi*3k, 11 jpaafetag mbn T uu] toUf iww s' * ™rt. 
nufiiLtag with rcuducUtm Ibrnugb ntr, wait?, and with TfbraElujr ].p|fc^ e*Eu*a, eit. F which de- 

pRtbkfii* in vlMuiloq, npbeti, l,«i*s F rnuric, Ltabt: PIkjfeff wHh nOtctan, ntaw, prbKiA 
^Qk*. W 4 tBT refrftatktft, ilmwr, w hicb pwrfdtma En light, cola, opEio. ilm#, ele. 

tTlo5t ^ E-ipettawmiin* wad playing with r.\*£n*ti r bmtterfe*, Judwtin wfta. kkspbuw- iafaniph huhih 
man 1 *, draanu*, alrdrle routur*.ehctrfc Ufbti, fif.,«akb pfsamt prufcfcmj ta Elartfrdrhumk, 
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{({) uhxu&tic jimvrriKa. 

Dramatic activities urbe uui of the mutative Mid dmnmtjo tend- 
curies mi4 the hungers to experience the form anil content of con¬ 
duct, and express environmental ^itniitiims. In the adult these 
tendencies and hungers have developed (he dramatic arts. In the 
little child, drsmatization intensifies ideas and boars the same rela¬ 
tionship to an appreciation of conduct that manipulation bears to 
knowledge of physical nature. The child interprets coni loot, through 
hi* own motor activities and tutor expresses an ideal, In all cloa^ 
«.f children these activities grip the hu agination. They correlate 
and give added %ml to other phases of activity. Under leadership 
they plant, rich associations that give kiimcdigito educational values 
and help develop the capacity for some of the higher recreative arts 
in the ad lilt + 

Leadership for the Utile children should supply opportunities for 
a broad range of imitative dramatization of single, nodal, nml en¬ 
vironmental si tun turns. For the larger children, leadership should 
hr. given in the dramatisation of social situations, in the construc¬ 
tion of plots from stories and history, in the use and adaptation of 
plays, and in the development of simple pageants. These latter 
forms of dmmatNation will lead toward the celebration of holidays 

(a) Kfirvttyie A$nt mjctfCAt AOftviixitt. 

Jlbytlmiic and musical activities arise out of vocal and muuuuE 
experimentations and the pleasured derived from rhythm, tone, 
And melody. These pleasures* with their emotional relationships, 
have created Lhe musical arts of man. In the child, rhythmic and 
musical activities begin in crude vocalization, bodily movements, 
and drauinitagp* and develop through various stages of complexity. 
There are (I) bodily rhythms, as running, stamping, marching* skip¬ 
ping, etc., up to dancing: (2] vocal rhythms and tones, a* counting, 
repeating sounds and tones* landing up to poetry and singing; {3} 
rlrutumings mid beatings with sticks, lingers, or cans* picking sounds 
on strings ami blowing sounds on bottle® or shells, leading up to the 
use of drums* cymbals, and string or wind instruments, 

Theac are all musk activities to the child, but the muaic of the 
race is higidy evolved, and it has a complex written language. It 
is a simple mutter to organize the musical activities characteristic 
of each age period, but the transition to the musical activities of the 
racial type or to an appreciation of these k achieved for the masses 
only through a broad association or skilled leadership. Individuals 
differ enormously m musical capacities. All children should have 
their musical impulses developed to tho point of adjustment in the 
community sockl recreative life. 
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In the transition three methods of leadership or instruction are 
possible: (1) The natural musical activities of the child may he 
otpmh&ed and led into the racial typo; (2) the gup may l* *e bridged 
through play methods of instruction; or (3) music may ho interpreted 
as a formal subject of study that can be taught only by formal me di¬ 
ode under the discipline of instruction, The last is the traditional 
method and is essential for any advanced skill. The second method 
secures faults, especially witli the little childrou. The first method 
is used frequently in boys' dubs mul in die organization of children 'h 
orchestras. 1 It has been highly reliited on one side for training in 
rhythm by Dalcroze. 3 This method has back of it. the power of 
instincti it opens the channels of natural development to leadership: 
it can be supplemented by all other method* a* desired, 

(f) SOCSAt 

Social activities arise out of the social instincts and hungers. These 
instincts have amalgamated all human instincts for the development 
of society. Their expression ill the chilli gives social experience 
and they frequently take the form of experiment at inn with human 
nature. 

The play school is a child's social center. In addition to the 
social life involved in each group of activities, there is a general 
social life and spirit. All tin? social relationships of the special 
activities are looped up hi this larger social unity. It involves nil 
human relationships in the school and it radiates into the social 
environment and the home. In these activities are expressed all 
the impulses of developing human nature in social relationship*. 
Social attitudes, habits of speech and manners of address are devel¬ 
oped which contain many incomatancies and conflicts, suid which 
change in emphosb and importance by age periods; hut fuse gradu¬ 
ally into a system of ways of acting that detenames the adult’s 
social adjustment. In addition, there are (ho developing ideas and 
habits in the relationship of boys and girls, that dilTcmitiate during 
the adolescent years into sex habits and ideals and lay the founda¬ 
tion for adult, domestic adjustment. Therefore in the general social 
life of the play school, and in the social life connected with each 
special group of activity conduct must he guided by each leader 
according to accepted social standards of individual and group fair¬ 
play, good humor, courtesy, justice and common sense, yet ideal 
social rolationsbips. The foundation for social and citizenship 
adjustment, sex hygiene and domestic adjustment must ho estab¬ 
lished in this leadership, 

I g#n DvkMna, fa CfaaMj, Fmlivdi vul pfajl fa school &rwldtMwlwfi. 

* SsdJrr, U. E. , Th*i Eitffijythmla of P*Icf™. 

TajTn-—#M 30U-*5 
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A special social built should bo organized to coordinate tho sttcisl 
side of the activities and to give the opportunity for itetahtishing 
democratic ideals. From this the leadership should extend to the 
spontaneous group organkAtions in and out of tho play schooL 

tgf) VOCAL ASP UNOVIBnC ACTlVmEift, 

Vocal and linguistic activities arise from the vocalizing and com- 
murdrativo instincts. Those insihirts arc the primary dements in 
tho evolution of the languages and the literature of the world. In 
the child, these activities begin in vocalization and develop through 
imitation and tho nood for communication into tho vernacular. 

linguistic activitics are associated vriih each group of activities. 
Thu child tends to vocalize his thoughts and feelings. Ho is the great 
questioner. Con versus toils arise. Thus ho develops language as a 
toed and elaborates a system of ideas. Both those tenancies should 
bn perfected through leadership* Language is the tool of knowledge 
and rational adjustment. Conversation consciously developed 
through ajmipaihy or elicited and directed, is tho method that gives 
progress in language power, thought and systematic information, 
and car lies with it tho living motive. 

In the activities interests develop that, under leadership, am 
expressed in narratives and discussions, and those are the opportuni- 
tios for mind l( fertilization/' us well as the elevation of experiences 
to the level of general ideas and conscious undemanding. These 
conversations are also distinctly language lessons and should bo 
guide*! carefully as such. 

With the development of the activities and interest under leader¬ 
ship* the need arisen for a written language and it should bo taught 
at tills time- When gained as a tool* it. should bo used, not in read¬ 
ing unrelated -stuff, but in connect ion with the activities a*i a source 
of information, and as a real phase of living. 

For the little children, story-telling of a rational kind should have 
a prominent place and later this function should become supple¬ 
mentary in helping the in dividual select stories to read, that are 
adapted to liis needs. It bos been d emails! rated that leadership will 
bring children to tho realization that thorn is a literature to cover 
each interest and satisfy each desire in life. 

Numbers for tho child are a Knguiatio activity and should be devel¬ 
oped in connection with his games and lator manual and environ* 
menial activities. 

The absorption uf a foreign tongue, naturally by its use in play, 
is another phase of those linguistic activities, and when the environ¬ 
ment oinkes it desirable can be costly brought about. 
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(II) ECONOMIC AlTTTVTniSfl. 

Economic activities arise nut of organic hungots, the acquisitive 
impulse and economic needs and desires. The child is dependent 
ikiid gains his economic adjustment through the family, but the necosr- 
sitv of labor to produce wealth and of paying others for wealth 
desired is over present, and frequently arouses economic activities 
which need guidance* So leadership should bo given in earning 
money by sendee or effort that produces economic valuta. The 
organization of vacant-lot gardens and ImLilurship in marketing pro- 
duoe is important, Tho opportunities for house and yard repairs at 
home and in tho neighborhood need leadership. Tilting contracts f 
with the figuring of materials, cost and profits, are frequently passible 
oven among children* Bunking, tho use of tho United Status pistol 
savings depoptoriesj, end personal bookkeeping a™ phases of these 
activities. The dramatisation of story and house with buying and 
sidling familiarities the child with the social forms of exchange. 

SuKMilT. 

If the analysis of the several classes of activities as given is practi¬ 
cally correct., then wo have a natural grouping of fluid activities sus- 
coptiblo of practical organization and administration for uiBcienL 
educational results when considered from any standpoint of educa¬ 
tional theory or practice* Criticism and continued experience will 
doubtless dictate some changes, but tho riassifkul ion shows at h<ast 
the possibility of organizing several groups of activities: 

(1) That include all tho spontaneous and traditional tendencies in 
child life, 

(3) That express, in child form, the human tendencies that have 
created civilizatieii- 

(3) That retain in natural and related fo mis tho gonna mid expand¬ 
ing lines of every subject of internal that has arisen with adult 
civilisation, 

(4) That give tho opportunity for so directing tho child's living 
forces, that ho will expand naturally according to Ids capacities into 
an inheritance of some parL of the race achiovcmonts + 

(5) That meet the demands of every aim of education whet her of 
development or adjustment, and therefore that relate the claims of 
physical, moral, vocational, and cultural education. 

(fi) That simplify tho problem of cooperation bo tween the play¬ 
school cantor and the homo, 

(7) That present tho basis for a school program which will not 
devitalize children who are fuibjecled to three or four bourn of It, and 
may bo extended to the whole waking life for 365 days in tho year, 
making every child physically, intellectually, and morally stronger. 




» • 





















SKETCH OF THE LIFE OF EDUARD SUE3S (1831-1914).* 


By Pierre T fhjstkii. 

Of thf P$rU Ata&mf «l/ Scitnrts. 


Edmmi Sa^ r member umi former president of the Imperial 
Academy of Sciences of Vienna, dean of the foreign associates of t he 
Peris Academy of Sciences, peacefully anil painlessly passed away 
on the night of the ?5th of April. 1914, in Vienna, at the age of S3 
years. Ills death is mourned by the geologists and geographers 
of the whole world, for all looked upon him as a master, whose au¬ 
thority was supreme and whose in tuition was well nigh infallible; 
inn! there is not one among them who has not in some way been his 
disciple, and who has not received from this man of genius with his 
clear ideas and his exact method the taste for profound problems and 
the enthusiasm indispensable to persevering researches. 

He was bom on the 20 th of August, 1831, in London, of a Jewish 
family, then recently tome to Png hind from Austria and who soon 
returned to that country. His father was a trader, a willing wan¬ 
derer, like so ninny others of his race. Indeed, if one would under¬ 
stand Eduard Suc-s, lids origin must never be forgotten. He was 
the man called to show and explain to us the face of the earth; to 
lead us, os bv the hand, along all the shores and in the labyrinth of 
nil the mountains of this planet: to make of us citizens of n humanity 
greater than nil the nations and more enduring than all histories; 
this until was a splendid type of that old race. Unit nation elect, to 
whom universal supremacy Was at one time promised, and whom we 
now seo wandering without respite along sorrowful ways, moving 
across the continents and the oceans of the earth. 

The young Eduard studied first at Prague, then ul Vienna, and 
verv early attracted attention through his taste for thr si inly of fossils, 
minerals, and rocks, a study which soon became an irresistible passion. 
In 1S52, then only 29 years old, Eduard was appuhUed tusmu ant at 
the IIofminerale 11 kubine11 in Vienna, a kind of practical School of 
geology and mineralogy installed in the buildings of the Hof berg; 
Ids scientific career was begun. A first note on tbe Graptolites of 
Bohemia appeared hi lliis same year, 1S62. In LS54, he published a 
memoir on the Brnehiupods of the KD&jcu beds, and in 1S55, a study 
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oil the Ammonites of the HaH&tatt bods. This was a very* decided 
trend lowurd paleontology, and even toward the most philosophical 
pdermtofogy, that which seeks to reconstruct, the filiations of living 
beings and to loam the laws of their mysterious evolution. 

In spite of the brilliant qualities which shone in Ms first essays* 
the University of Vienna did not appear at all eager to open its doom 
to the new paleontologyl; and the difficulties he encountered white 
seeking his doctorship more timii once very' nearly discouraged him, and 
almost led him to enter commercial life where liis family would have 
Ix’icn happy to have placed him. Success came T however, in 1857, and 
Eduard Sues* was designated professor extraordinary of paleontology 
at the university. He retained this position until 1862. The death 
of Zippo having at that time made vacant the chair of geology, Sue^s 
succeeded him at first os professor extroordinflir, then, in 1B67 p ns 
professor ordinary* The paleontologist was transformed i little by 
little, into a geologist; and this geologist successively preoccupied, 
with local stniiigraphy in the immediate vicinity of Vienna, then 
with Alpine stratigraphy, was later to turn to the Alps and by the 
prolonged contemplation of thb great chain of mountains, to become 
a master of structural geology* and a little later the uneoritested 
master of all geology* 

Eduard Suosn possessed in an extreme degree the qualities which 
make the professor worthy of t he namCj and even those accompll-di- 
menta which make great orators; his nobility of presence, the beauty 
and solemnity of his features, the softness and warmth of his voice, 
the ease of speech and abundance of imagery; the continual tendency 
to soar in krfty flights to the summits of his philwophv, into those 
high regions above the clouds where the noise of human conflict does 
not reach; the gift of animating all ho touched, and. by the splendor 
of form tkiid enthusiasm of utterance, of milking ideas and objects 
live; finally, the love of conquering, of instructing, of increasing his 
own store of knowledge, and of fully engaging his audience. From 
the very first year of his course the professor became celebrated. 
People crowded the amphitheater; they followed him on excursions 
which he directed to the c nvi rons of Vienna. His rep u tat ion extended 
throughout the whole city. Ills book on the Viennese subsoil, +J Oer 
Pi hImii der St mi t Wien/ 1 appeared in 18H2, revealing a new wav of 
considering geology and of connecting it with human geography 
and sociology. In the some work were considered the relations 
between the formation and oempDffitkm of the subsoil and the life of 
the citizens. Thk book soon passed from the confines of science into 
the midst of average culture and decided the political career of 
Eduard Sueas; f»r he had two caret* ra running parallel, one devoted 
to the liigheat and most disinterested science, the other, that of an 
ardent citizen, a passionate defender of inliniespul interests and 
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political liberty* It was in I8t33 f less than a year after the publico- 
fcinn of |l Dpr Boden derSt&dr Wteo/' that ho entered the municipal 
council of Vienna where he remained for 10 consecutiveyears. Resign¬ 
ing in 1873, he returned to it in IS.S2, not to leave the council defi¬ 
nitely until 1885. In 1873, he had been elected deputy; mid for 
many years he was in the Austrian Chamber, one of the orators of the 
left, one of the most resolute adversaries of the ultramontaine party, 
one of the leaders of the liberal party, the Fortsehritt^partcL 

It b difficult to believe to-day that the man who in 1375 wrote 
11 Die Entstehung dcr Alpen/ P and from 1878 to 1883, the first volume 
of 4 ‘Das AntliU der Erde* ? —those books whose principal character¬ 
istic is their calmness—is the same man who simultaneously became 
excited in parliamentary con testa and startled his adversaries by the 
vivacity of his attacks and Ins quick repartee. The identity of the 
great scholar and the man of politics reappears, however, in the 
speeches of the latter. At all times—say those who have hoard him 
in the chamber—his eloquence aroused in him a sort of poesy, without 
analogy or precedent^ n poesy in which are seen to pass in review the 
earth and its inhabitants, in which tire heard dumb of universal 
harmony. Thus, fur example, he compared the abrupt dawn of 
glory and influence of the old English universities to the sudden 
appearance in the sky at a point until then hidden from the con¬ 
stellated firmament, of a new star, such as Mira Coeli, whose light, 
although unsuspected, existed, nevertheless* for centuries ami pro¬ 
ceeded toward our gfu;e in fathomless apace. Sometimes, wishing to 
apeak of the train of great thoughts and worthy ideas w hich travel 
from nation to nation bettering mankind everywhere, he described to 
the astonished and mute assembly that Isolated reef at the ex ire me 
tip of South America, where navigators have placed a cask, sheltered 
by no pavilion, and be bulging to no one. Each ship that passes sends 
off toward this desolate rock a little boat and the mailers who climb 
its sides place in t he cask hit ters addrc&ed to their native Lmds, and 
from it take the letters which they find then? bearing the address of 
the countries toward which they are bound Tin; sailors" letters t hus 
wander about from port to port without being directed by anyone 
and they proceed slowly but surely toward their distant gooL Full 
of fiuch figures, tlik manner of speech belongs to Eduard Suc^; it. is 
his style; and never was a style more personal than lib. 

In the memory of the Vicnn^e t he name of Eduard Sucks will ever 
remain connected with two groat municipal works: The kit rod tic lion 
of drinking wat^r and the regulation of the flow of the Danube, 
They still say in Vienna, ^Suesa’a water/ 1 when to a stranger they 
pmisi? the purity and freshness of the water used in that great rity r 
iuul which since 1873 has replaced the unwholesome water of the 
Danube and the lakes. That k justice to Suesa r for it waa he who 
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first indicated the sources which were advisable—t he mountain 
springs come to light in the Alpine region not fur from Schneeberg 
on the hardens of Styrm end of Lower Austria—and he it w as who 
strove with tire lefts, energy from ]Sf*3 to 1S6ft before the municipal 
council for tho adoption of that project. It required seven yearn to 
complete the work* and it was on the 24th of October, 1873, that the 
new water commenced to flow and was greeted by the joyful cries of t he 
people of Vienna. The good people had indeed reason to applaud; 
the mortality in the city was almost abruptly diminished hy one- 
half. The regulation of the Danube was achieved in 1875 hy opening 
a new river bed from Nussdorf to Stadias In the ayes of Suoss this 
was hut the very small beginuingof n gigantic project, through which 
the Danube was one day to bo set right Across tho whole Empire from 
Passim to the Gates of Iron; but this beginning, due to Sue^a more than 
to any other man* was of great benefit. It pn A acted the life and prop¬ 
erty of Lho inhabitants along the batiks of the river h bringing to the 
center of the capital the most beautiful river route of Austria mid 
permitting the creation and development all along the regulated bod 
of the river of a new faubourg, built and equipped for commerce and 
industry* 

Even after retiring from affairs p and until the last years of his life, 
Eduard Auras continued to be interested in mtnucipid and political 
struggles- He remained always the citizen of Vienna, with at! the 
force of the beaut iful w ord 11 citizen," On the last uiglit of every year 
he was accustomed^ with some political Mends, to make a pilgrimage 
to the Rekhsbrucke, and there, above the muddy waters that flowed 
past as the years roll on. to drink a glass of wine to the glory and 
prosperity of the city, his city, one of the first objects of his ilumghi*. 
Bm T then, who could say how his thoughts were divided—w hat frao- 
iion went to the city, what other to the Empire, what to the earth, 
and what to humanity? 

Contecaporaui-* uisly with hi- [wiitiml career, the scientific career of 
Bures developed T just as brilliant, just as fecund, it seemed, n# though 
the first bail not existed- In 1865 he published a memoir on the 
Loess; in I860, his “ Remarks on the Siih deposit near Widiczka"; in 
mn r a study on the tertiary continental faunas of Italy; in 1872, 
his book on the structure of the Italian Peninsula; in 1875 t his 4 'Die 
Eutstehang dcr Aipoiri (Origin of the Alps); in 1877 f Ms considera¬ 
tions of the earthquake of fioulheru Italy and a little brochure, “Die 
Zukunfl dre Guides" (The Future of Gold), From 1878 on lie com¬ 
menced the writing of “ Das Anllitz der Krde/' and this was a labor 
uninterrupted for 30 years. He r^Oimed professor of geology at 
the university until 1001, or a total of 30 years. In 190 1 he asked 
for retirement* At first replaced by I T hlig h one of \m fmpils. 
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yet lifter the death of Uhlig he hud the consolation of seeing Ids own 
son, Franz-Eduard Stress, take possession *pf tide same chair* The 
incomparable joy uf being succeeded by u son who continues the work 
of the father and who is known to be worthy of so doing, that joy 
known to but few men of genius, was not refused Jiiin. 

He hud been a member of the Imperial Academy of Sciences for 
a long time when in 1S93 he was made its vice president. In 1899 
he was elected president of this illustrious company, and kept that 
honorable position for 12 years* Named correspondent of the 
Academy of Sciences of Paris in 1889, hi? took lbs place, some time in 
1909, among the foreign associates, succeeding Frankhmd* Honors 
came to him in proportion ns hk authority and reputation increased; 
the man himself remained modest, indifferent to titles, disdaining 
riches, voluntarily bound to a family life, austere and simple, his soul 
shut to personal ambitions, open only to noble ideas, to the disin¬ 
terested cultivation of science, to the love uf ids fellow citizens, and 
of ill] mankind, to the tender off notions which are bom and cherished 
in the atmosphere of the domestic hearthstone. 

An admirable Ufa, deserving of happiness, and which indeed at¬ 
tained it in the measure at least in which a man of-such great com¬ 
prehension can be happy, Eduard Smm knew the ineffable sweetness 
of a peaceful life, in the mids t of a numerous and closely united 
family. Thi-< existence had its hours uf sorrow, but these do not 
come without consolation and never bring with them despair* He 
saw his six children grow up around him and later numerous grand¬ 
children, and in Ills family circle, delightfully intimate f whim he ceased 
to w ork, to think, to teach, when he stopped to chat or smile, he had 
only to lend e»r to the rumblings from without. Among these 
rumblings, some no doubt the inarticulate sounds of tbo great city. 
Come one sound wliieh lie well knew, for he had hoard it from his 
youth, the sound of praise. An honor discreet and Justing, the gift 
of universal acclamation, accorded by the unanimous admiration of 
all who cultivated the same science* were interested in the same 
problems and had the same ideal; an appreciation expressed con¬ 
stantly bv the receipt of mi v uthuaiaotic letter, a book bearing an 
inspired dedication, u visitor who presented himself with (he pious* 
and grateful attitude of a pilgrim, full of love, at the shrine uf some 
sanctuary of former times. 

The end was worthy of the emirv life and lingered serene and 
splendid like “the twilight, of a beautiful day.” Until the spring of 
1913 the aged master enjoyed good health and old age, which never 
affected his intelligence, touched hb physical strength but timidly os 
with regret, Ilis age was betrayed only by hesitation and difficulty 
in walking Once Healed, he seemed as he was ten or a dozen years 
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before. almost young in Appearance with tils beautiful grave face 11 
little pale and his magnificent eyes where one could almost sees the 
reflection of the illimitable oceans, and which looked, tender and full 
of feeling, into the depths of one's sou]. He spoke with a deep, ex¬ 
pressive, richly modulated voice, in which the glow of former intense 
or high-wrought emotions was extinguished, und there remained but 
hushed sonorousness and quiet feeling. Then around tho circle of 
his listeners a murmur would pass anti they would give their close 
attention, fearing lest they lose a word, on accent; they would have 
wished to fix this instant of inestimable value in the passage of time 
which, alas, never stops. Thus we see him in 1903 at the Geological 
Congress in Vienna, keeping aloof from the sessions and official 
receptions, but willingly receiving his friends of every country with 
a marked predilection for his friends of France, Thus wp see hitn 
again nine years later in August , 1BJ2, at Innsbruck, come from his 
H ungarian village expressly to preside* at the reunion of the geologists 
of the Alps, ut the principal function of the excursion organized by 
the Geologische Verebigung. This was the last manifestation of ULs 
scientific activity. Is it not fitting that this Inst effort was made by 
the author of " Die Entstpbung dcr Alpcn,” on behalf of the geology 
of the Alps and in the presence of the investigators through whom 
the Alps have become hotler understood t Before this time, in 1905, 
Eduard Sue-ss had sojourned several weeks in the Basue-Engadin*; 
and from this trip of 19U5, the last in w hich he had been able to make 
excursions on foot among the rocks themselves, hammer in hand, 
and to nmke personal observations, he made unimuncement of his 
full and entire compliance with the doctrine of great, “nappes do 
TecoiiTTonuuit ” or overfhmst, a compliance soon formulated in a note 
to the Academy of Sciences of Vienna, “Das Inula] hei Xaudure," 
and affirmed more briefly still in 1900, in t he lost volume of “ Dos 
Ant lit z der Erde." Now, in 1912, controversies had ceased and our 
reunion at Innsbruck, gay anti fraternal, had a character almost 
triumphal. * * * 

Now, in the soil of Hungary, in the cemetery of the lit tin town of 
Mariizfolva, repose the mortal remains of Eduard Sues, until the 
clay when tho angel— 


* # 1 ffwinging open the gulp*, 

faithful nmI joyous, muky ifkum again 

T!m- temiahLMl fflkron, ^uirken ih* deid flam**. 


The Hungarian plam has become the tomb of him who so much 
loved and so well understood the mountains. But the Alps are not 
far off; they cut across the horizon; and Indeed we know that in 
their mod journey toward the Carpathians, their wavm of stone passed 
even here. The place is, therefore, not id chosen to shelter the dust 
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«>f Urn man who was [he incomparable singer of nil these things. 
Neither the skips nor the crips of the living come to trouble tfw deep 
of the master. From time to time, however, at geologist will come, 
who, full of respect and gratitude, w ill meditate before the solitary 
slab, praising Clod for having instilled so much grandeur and such a 
reflection of his divinity into the souls of the giants of the human 
race. 

i have cited above the principal works of Eduard Suesa. It is 
necessary to add to the list I have given many short notes and arti¬ 
cles on different subjects: Tectonics, comparative geology, volca¬ 
noes, seismology, questions on the origin of meteorites, the question 
of the composition and the structure of the moon, the question of tire 
recent displacement of the coast lines, and many others. The 
majority of the notes were published in the "compks rendus” of the 
Academy of Vienna; the articles almost all appeared in the Xeue 
h reii! Press*?, of which Suess was for a Jong time one of the scientific 
chroniclers. But that which h essential in both is found in the last 
chapters of “Dus Antlitz dor Erdo.” Among the colossal labors of 
Eduard Sues*, those which immediately attract attention, those 
Which w ill endure for an indefinite time on their own merits without 
becoming obsolete, to preserve for centuries the glory and majesty 
of the beautiful ruins, are the two books, "Die Entstehung dor Alpan” 
and “ Das Antlitz dor Erde." 

“Die Entskhung dec Alpen” Ls a small work of J6S pages, pub¬ 
lished in Vienna in 1875, composed of & chapters. The author brings 
uji and defends the idea that in the formation of mountains the pre¬ 
ponderating rfllo is played by horizontal displacements, moving in 
one direction. Each chain is a whole, thrust from the same quarter 
over the preexisting formations, which mist, and on which the com¬ 
pressed zone advances. There is but one cause which has produced 
the whole Alpine system; this cause is a thrust from the south or 
southeast. Characteristics analogous to those of the Alps are mani¬ 
fested hi the Balkans, in the Caucasus, in the chains of the American 
northwest. * * * Each chain is the work of a very long period, 
and its formation Ls the sum of a multiplicity of occurrences. The 
author insists on the coincidence of tho Alpine zeros with geosyn- 
clines. He remarks and no one before him had cared to do it- - on 
the magnitude and Lire generality of certain murine transgressions; 
for example, of the Cenomanian transgression. Ho foresaw the period¬ 
icity and the quasigenerality of transgressions and recessions. In 
the next, to the last chapter he invites us to make with him the tour 
of the earth; ho shows us in Europe and in tho east of northern 
America the predominance of thrusts toward this north; he calls 
our attention to those immense regions of the surface of the 
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earth which seem refractory u> folding, and which ora traversed by 
fissure# whose direction almost, follows Iho meridian; he makes us see 
that in centre! Asia this overthrust of the chain# is usually toward 
the south. Tho conclusion of thin rapid Journey around the globe 
k that in terrestrial deformation there is no simple geometry; that 
the mountains re#nit from the irregular and unequal contraction of 
a planet devoid of homogeneity; finally, that th black of homogeneity 
goes back to the period of consolidation of the lithosphere. It could 
not become hard all at once; it presented for a long time the appear¬ 
ance of an archipelago of scoriaceoue masses floating on a fluid and 
incandescent sea. The earth was then a variable star. 

The influence of the book was great, it was short, read able p per¬ 
fectly dear; it revealed a new r geology, ummspeetctb immediately 
accessible; it b written in language simple and beautiful* * * * 
If has directed young geologists of every country toward the study 
of the mountains* it definitely destroyed the old theories. It substi¬ 
tuted, in the minds of all geologists, for the principle of direction tho 
principle of continuity; it accustomed investigators to tho idea of 
trunsportatioiis of strata; it fixed attention on the great movements 
of advance and of retreat of the sea* In u word, it was the preface 
of "Das Antlitz dor Erde," the prelude of that incomparable sym¬ 
phony* 

"Da# Antlitz der Erde" is im essay on geologic syndic*#!#, extended 
to cover the entire earth; and it is the first essay of its kind* The 
work, of gigantic dimensions P comprises three volumes. The first 
appeared in 1883; the lost part of the third in 1909+ Twenty-six 
Yeans were required for the complete achievement of this magnificent 
work. It is well known that by the care of M. Emmanuel de Mar- 
gene the entire book has been translated into the French language 
and published in Paris under the title, "La Face de la Tem?* J# The 
last part of the third volume of this French edition is at present in 
press. 1 "La Face do la Terre" b wuiched with notes, maps, and 
cuts, added by the translator r which happily supplement tho text 
and illustrations of the German edition* 

The general plan of "Das An tilts dor Erde 11 will be recalled* The 
first volume comprises two parts—(be movements of the outer crust of 
the earth and the mounLain ranges, Thesecond volume b given to the 
third part of the work, the oceans. The third volume, much mom 
voluminous than tho first two, embraces tho fourth part, which b 
(he detailed study, not only geographic, but afat», and espedallv, 
geologic, of the face of the earth. The first half of this third volume is 
composed of 9 chapters, in which tho author describes entire Aria, 
and northern Europe* The second half comprises IS chapters, in 
which ore delineated, first, the rest of Europe, tho east of northern 
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America, tlie chains nf northern Africa. the old Ltuirenrian cunti- 
ncnl, the immense African Plateau, and I lie chains of the Cape, the 
chains of the islands of Oceania, the mountain systems which extend 
the length of the west coast of the two Americas; followed by general 
considerations on folds, on the depths, on the maimer of formation 
and the distribution of volcanoes, on Lhe moon mid recent geologic 
theories, and, Jin ally T observations on life. 

The book is an exposition of the planet viewed from without, as 
traveler* from other stars of the solar system would sec it. It con¬ 
tain* scarcely any theories. The author does not seek to explain or 
to convince; he shows. He leads his reader by the hand; he makes 
him see the peak* and the abysses; he makes him touch the seams 
and fractures, with lib hand; be lends him along the shore#, not only 
those of to-day, but also those of the ancient seas; and he goes over 
with him step by step the traces, three-fourths effaced, the wrin¬ 
klings* the foldings of former times. In the company of the master 
one soars on geologic time as on the air of this earth. The impression 
is singular, immediate, unforgettable; one knows no longer, indeed, at 
what epoch in the duration of time, life came on this earth; and there 
are seen, sketched simultaneously on the face of the planet, the 
undent features and the present features. A vision, giddy, often 
confused and troubled, like those which pas*, on a high mountain, 
under the eyes of the Alpinist, a day of heavy cloud and violent wind; 
11 a vision a little cloudy, a little sybiUine, in which there are mist and 
dearness, thunder and great silence, diluvtan Hoods and sim-f£tra, 
drays and nights of inordinate length, and which recall “A Legend of 
the Centuries/ 1 in which man was lacking. 

The usefulness of such a book is to arouse great and growing enthu¬ 
siasm and to create an interest in this luminous science through all 
their lives among hundreds of young men who without that incen¬ 
tive would have done nothing or would have groped about in the 
dark, to enlarge our thoughts, to give us the taste for general prob¬ 
lems and the thirst for synthesis. It can be said without exaggeration 
that Eduard Suras had lib part, often a preponderating one, in all the 
geologic discoveries of the end of the nineteenth century and the first 
years of the twentieth. The geologic sciences, which have advanced 
with giant steps for 3G years, would noL without him have advanced 
so rapidly* He did not say all, he made few personal observations, 
he did not foresee everything—but by his intuitions, truly those of a 
genius, of relations and their causes, ho incited, prepared, made pos¬ 
sible decisive observations, observations which have revolutionized 
our ideas ami illuminated our knowledge. Among the most impor¬ 
tant discoveries, among all those which have changed the aspect of 
geology, there figures in the finst rank the verifying, in mountain 
chains, the structure in great nappes, which makes of these mountains 
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immense piles of strata mbplacad and drifted* This discovery b not 
of Eduard Suess—if it is of any one man, that man is Mattel Ber¬ 
trand 1 —but who would have dared, even dream of it, before having 
read gt Der Entstehung dor AIpen JJ and the first volumes of 4t Dixs 
Antlitz der Erde"! And when Sues* in the chapters of Volume 3, 
which ho consecrated to the Alps, adopts in his turn thb tiumncr of 
seeing, and speaks of the Helvetian nappes, the Lepontine nappes, 
the Austro-Alpine nappes, thrown one on the other, this theory so 
new and bo audacious, seems to spring spontaneously and naturally 
from what he taught formerly. 

Genius never lucks detractors. The author of * ( fiaa Antlitz der 
Erde" has often been criticised and cried down. One of the bitter- 
nes&es of his hfe waa the mcomprehension and ingratitude of some of 
his pupils; one of his consolations, on the other hand, was the imme¬ 
diate and lasting success of his book in foreign lauds, and especially 
in France. lie has been reproached on the score of obscurity and 
lack of preciseness; but this lack of cl earner and pieciseness b usu¬ 
ally, in the nature of things, the result of the imperfections of our 
knowledge, of the insufficiency of observations, of the difficulty of 
the problems confronted, hen Suesss aJhrms 3 as I said in 1910, 
in reviewing the last volume which hud just appeared, "one is quite 
certain that he does not deceive; when he is un precise, it is because 
precise nt*^ ui that time is impossible; when he is obscure, it is 
because ho ha* not yet undemtood^ and because he finds obscurity 
preferable to the clearness of nil illusion created complete in all its 
parts by Ids imsighiatiorL M lib splendor of style has been reproached, 
and, as it has been called, his geopoesy, as though the waiter of 
genius were muster of his tongue, as though the eagle could flutter 
iibout ailer the manner of u barnyard fowl. Finally, he has been 
reproached with not Inking sides in the Warmly controversial ques¬ 
tions. with preserving an indecisive* timid attitude, by which was 
shown his embarrassment* Thb last reproach would be grave 
enough if addressed to a theorist ■ hut Eduard Sues* was never a 
theorist. Thb man once accustomed to teaching and to conquering* 
ardent also in political disputes* bad for a lung time ceased to argue 
pn scientific matters; he was content with seeing, anti after having 
seen, with showing. Xo mind has been more intuitive, or more 
exclusively intuitive than his. * * * 
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